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(54) THERMOPLASTIC ELASTOMER COMPOSITION 



(57) The object. of the present invention is to provide . 
a thermoplastic elastomer composition having a good 
balance between, the hardness and the. mechanical 
strength, exhibiting superior rubber elasticity, high-tem- 
perature creep characteristics and formability in a wide 
range of temperature, and having oil resistance and heat 
resistance. The thermoplastic elastomer composition 
comprises (A) (meth)acrylic block copolymer, (B) a com-, 
pound containing at least two amino groups in its mole- 



cule; and (C) a thermoplastic resin. The (meth) acrylic 
block copolymer (A) comprises (A1) a (meth) acrylic co- 
polymer block and (A2) an acrylic copolymer block. Al 
least one of the polymer blocks has at least one acid 
anhydride group. The (meth) acrylic block copolymer (A) 
and the compound (B) are dynamically vulcanized in the 
thermoplastic resin (C). 
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[0001] The present invention relates to thermoplastic elastomer compositions, and particularly to a thermoplastic 
elastomer composition with good physical properties, exhibiting superior rubber elasticity, high -temperature creep char- 
actenstics and formabiiity in a wide range of temperature, and also having oil resistance and heat resistance in spite of 
thermoplastic elastomer. 



io Background Art 



[0002] Vulcanized rubber has superior flexibility and rubber elasticity. For molding, however, it is necessary to com- 
pound an additive with the rubber to vulcanize. This undesirably increases the molding cycle time and complicates the 
process. Thus, the vulcanized rubber has a problem in formabiiity. In addition, since a molded and vulcanized rubber 
cannot be melted even if it is reheated, subsequently working after vulcanization, such as joining together, is not possible 
Thus, the vulcanized rubber is disadvantageous^ difficult to recycle. 

[0003] In view of these disadvantages, a thermoplastic elastomer has recently become used instead of the vulcanized 
rubber. For example, almost of all the sealing parts used in vehicles, such as glass run channels, weather strips various 
types of boots, and drip rails, have been formed of vulcanized rubber. Recyclable lightweight olefin thermoplastic elas- 
tomers have recently been put into use for some of the sealing parts from the viewpoint of increasing gas mileage and 
protecting the environment 

[0004] Some of such thermoplastic elastomers contain hard segments and soft segments alternately arranged in their 
copolymer chain (Japanese Unexamined Patent Application Publication No. 61-34050) . This type of thermoplastic 
elastomer can cover a wide range from flexible ones to stiff ones by varying the proportions of the segments Another 
type of composition has also been known which is prepared by melt-kneading a monoolefin copolymer rubber and a 
polyolefin resin wrth a crosslinker to partially crosslink them, that is, by dynamically heat-treating (dynamic vulcanization) 
them, to reduce compression set (Japanese Unexamined Patent Application Publication No. 53-21 021 ). 
[0005] For a flexible thermoplastic elastomer, however, the former type of thermoplastic elastomer, which alternately 
contains hard segments and soft segments in their copolymer chain, has to contain a large amount of soft segments 
Also, since the hard segments serve as a binding constituent, this type of thermoplastic elastomer can flow at high 
temperatures, but the heat resistance (the heat resistance here refers to a physical property at a high temperature) and 
the compression set are disadvantageous^ degraded. In addition, soft segments have low tensile strength inferior heat 
resistance and oil resistance. Accordingly, the flexible thermoplastic elastomers containing a large amount of such soft 
segments have a low tensile strength, inferior heat resistance and oil resistance and, thus, cannot be used in a wide 
range of application. Styrene elastomers disclosed in known arts belong to this type. Therefore, they have superior 
formabiiity, but cannot be used in a wide range of application, such as for industrial mechanical components due to the 
above-described disadvantage. On the other hand, acrylic block copolymers containing a methacrylic copolymer block 
and an acrylic copolymer block have recently been disclosed as an oil-resistant thermoplastic elastomer (Japanese 
Patent No. 2553134). This type of thermoplastic elastomer, as well as styrene elastomers, has superior formabiiity, but 
the heat resistance and the compression set are disadvantageous^ inferior. 

[0006] In the latter type of polyolefin, a thermoplastic elastomer containing a partially crosslinked olefin copolymer 
rubber has been studied as an one technique for improving the characteristics, such as compression set at a high 
temperature, if the thermoplastic elastomer atone cannot exhibit satisfactory characteristics. 

[0007] Unfortunately, crystalline poryolefins, such as polyethylene and polypropylene, have a relatively low melting 
point and a low oil resistance. Accordingly, the use of resulting compositions is limited to, for example, parts not requiring 
heat resistance. In order to overcome the above-described problems, partially crosslinked thermoplastic elastomers 
have been studied in which a thermoplastic resin, such as polyester, polycarbonate, or potyamide, is combined with a 
polar rubber, such as acrylic rubber, ethyl ene-acryiic ester copolymer rubber, or nitrite rubber (Japanese Unexamined 
Patent Application Publication Nos. 1 0-53697, 1 1 -349734, and 2000-26720). However, if the thermoplastic resin is heat- 
resistant, it is difficult tocontrol crosslinking so as to provide a desired composition because of its high melting temperature 
In addition, known crossiinkers for the polar rubber negatively affect the thermoplastic resin in a curing step and thus 
degrade the physical properties of the resulting composition. A process to overcome this problem, using a crosslinker' 
such as a polyfunction^ oxazoline, has been disclosed (Japanese Unexamined Patent Application Publication No' 
1 1 -246749). However, this process has disadvantages in availability and ease of handling and limits the type of applicable 
crosslinker. Accordingly, a readily available oil-resistant heat-resistant thermoplastic elastomer easy to cure that is 
easy to make, has been desired. 
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Disclosure of Invention 

[0008] The present invention relates to thermoplastic elastomer compositions, and more specifically to a thermoplastic 
elastomer composition having good balance between the hardness and the mechanical strength, exhibiting superior 
rubber elasticity in a wide range of temperature, high-temperature creep characteristics and formability, and having oil 
resistance and heat resistance in spite of thermoplastic elastomer. 

[0009] The inventors of the present invention found that by dynamically heat-treating a thermoplastic elastomer com- 
position comprising (A) a (meth)acryiic block copolymer comprising (A 1 ) a (meth) acrylic polymer block and (A2) an 
acrylic polymer block; (B) a compound containing at least two amino groups in its molecule; and (C) a thermoplastic 
resin, the thermoplastic elastomer has a good balance between the hardness and the mechanical strength, exhibiting 
superior rubber elasticity in a wide range of temperature, high-temperature creep characteristics, low-temperature impact 
resistance, mechanical strength, and formability, and having oil resistance and heat resistance in spite of thermoplastic 
elastomer. Thus, the inventors accomplished the present invention. 

[0010] Specifically, the present invention relates to a thermoplastic elastomer composition comprising (A) a (meth) 
acrylic block copolymer; (B) a compound containing at least two amino groups in its molecule; and (C) a thermoplastic 
resin. The (meth)acrylic block copolymer (A) comprises (A1 ) a (meth)acrylic polymer block and (A2) an acrylic polymer 
block. At least one of the polymer blocks has at least one acid anhydride group expressed by general formula (1): 



(wherein R 1 each represent hydrogen or the methyl group and may be the same or different; n represents an integer 
in the range of 0 to 3; and m represents an integer of 0 or 1 ). The (meth)acrylic block copolymer (A) and the compound 
(B) are dynamically vulcanized in the thermoplastic resin (C). 

[001 1 ] Preferably, the (meth)acrylic block copolymer (A) is at least one selected from the group do nsisting of copolymers 
expressed by the general formulas (A1-A2)^, A2-(A1 -A2) n , and (A1 -A2)n-A1 (wherein n represents an Integerof 1 or more). 
[0012] Preferably, the (meth)acrylic block copolymer (A) comprises 0 .1 to 60 percent by weight of the (meth) acrylic 
poiymer.block (A1 ) and 99.9 to 40 percent by weight of the acrylic polymer block (A2). 
[0013] Preferably, the (meth) acrylic polymer block(AI) contains the acid anhydride group. 
[0014] Preferably, the acrylic polymer block (A2) contains the acid anhydride group. 

[001 5] .Preferably, the (meth)acrylic block copolymer (A) is prepared under control by atom transfer radical polymer- 
ization. 

[0016] Preferably, the thermoplastic resin (C) is a polyamide-based resin and/or a poiyester-based resin. 
[0017] Preferably, the thermoplastic resin (C) is a polyamide-based resin. 

[001 8] Preferably, the thermoplastic elastomer composition further comprises 1 to 300 parts by weight of a softening 
agent (D) relative to 1 00 parts by weight of the (meth)acrylic block copolymer (A). 

[001 9] Since the thermoplastic elastomer composition of the present invention has good balance between the hardness 
and the mechanical strength, exhibits superior rubber elasticity, high-temperature creep characteristics and formability 
in a wide range of temperature, and has oil resistance and heat resistance in spite of thermoplastic elastomer, it can be 
suitably used for a wide range of applications, such as various types of hermetic container, gaskets, oil-resistant hoses, 
and coating sheets. _ . \"T. 

[0020] The present invention relates to the thermoplastic elastomer composition comprising (A) a (meth)acrylic block 
copolymer; (B) a compound containing at least two amino groups tn its molecule; and (C) a thermoplastic resin. The 
(meth) acrylic block copolymer (A) comprises (A1 ) a (meth) acrylic polymer block and (A2) an acrylic polymer block. At 
least one of the polymer blocks has at least one acid anhydride group expressed by general formula (1): 
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expresses the form in which a monomer containing the acid anhydride group is copolymerized with a block (x) ; and 
(y/z) expresses the form in which a monomer containing the acid anhydride group is copolymerized with a block (y). 
[0026] The number average molecular weight of the (meth)acrylic block copolymer (A) is not particularly limited, and 
can be set according to the required molecular weights of the (meth) acrylic polymer block (A1 ) and the acrylic polymer 
block (A2). A small molecular weight does not lead to mechanical characteristics sufficient to function as an elastomer. 
In contrast, an excessively large molecular weight negatively affects the workability. Accordingly, the number average 
molecular weight is preferably in the range of 3,000 to 500,000, more preferably in the range of 4,000 to 400,000, and 
still more preferably in the range of 5,000 to 300,000. 

[0027] The ratio (Mw/Mn) of the weight average molecular weight (Mw) to the number average molecular weight of 
the (meth) acrylic block copolymer (A) measured by gel permeation chromatography is not particularly limited, but 
preferably 1 .8 or less, and more preferably 1 . 5 or less. An Mw/Mn of more than 1 . 8 may negatively affect the uniformity 
of the acrylic block copolymer. ..... 

[0028] In the (meth) acrylic block copolymer (A), the composition ratio of the (meth)acrylic polymer block (A1 ) to the 
acrylic polymer block (A2) is not particularly limited, and can be set according to the physical properties required in 
application, the formability of the composition required in the process, and the required molecular weights of the (meth) 
acrylic polymer block (A1) and the acrylic polymer block (A2). For preferred proportions of the (meth)acrylic polymer 
block (A1 ) and the acrylic polymer block (A2), for example, the content of the (meth)acrylic polymer block (AT) is in the 
range of 0.1 to 80 percent by weight, and the content of the acrylic polymer block (A2) is in the range of 99.9 to 20 
percent by weight More preferably, the content of the (meth) acrylic polymer block (A1) is in the range of 0.1 to 70 
percent by weight and the content of the acrylic polymer block (A2) is in the range of 99.9 to 30 percent by weight. Still 
more preferably, the content of the (meth)acrylic polymer block (A1 ) is in the range of 0.1 to 60 percent by weight and 
the content of the acrylic polymer block (A2) is in the range of 99.9 to 40 percent by weight. A (meth) acrylic polymer 
block (A1 ) content of less than 0.1 percent by weight may degrade the rubber elasticity at high temperatures. A content 
of more than 80 percent by weight may degrade the mechanical characteristics of the elastomer, particularly the fracture 
elongation, and flexibility of the composition with the thermoplastic resin. 

[0029] The relationship in glass transition temperatures between the (meth)acrylic polymer block (A1) and the acrylic 
polymer block (A2) constituting the (meth)acrylic block copolymer (A) preferably satisfies the following expression, 
wherein the glass transition temperatures of the (meth) acrylic polymer block (A1) and the acrylic polymer block (A2) 
are denoted as Tg A1 and Tg^, respectively. 

■ : ' : • Tcr^ > Tg^ . 

35 [0030] The glass transition temperature (Tg) of the polymer, the (meth)acryiic polymer block (A1) and the acrylic 
polymer block (A2), can be generally set by setting the weight fractions of the monomers constituting polymer portions 
according to the following Fox equation: 

" 1/Tg = (Wx/Tgi) + <W 2 /Tg 2 ) + ... > (W n /Tg m ) 

Wi + W 2 + + W m = 1 

45 

[0031 ] In the equations, Tg represents the glass transition temperature of a polymer, arid Tg., and Tgg to Tg m represent 
the glass transition temperatures of homopolyrriers constituted of a same type of monomers. \N A and W 2 to W m represent 
the weight fractions of the monorhers. 

[0032] The glass transition temperature of the monomer constituting each polymer can be referred to Polymer Hand- 
50 book, Third Edition (Wiiey-lnterscience, 1989). ■ 

[0033] The process for introducing the acid anhydride group to (meth)acryiic block copolymer (A) is not particularly 
limited, the acid anhydride group being expressed by general formula (1) : 

55 - 
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as described above according to the required reactivity, reaction site, cohesion, glass transition temperature and so forth. 
<(Meth)acrylic polymer block (A1 )> 

[0040] The (meth)acrylic polymer block (A1) contains 100 to 50 percent by weight of a monomer having a (meth) 
acrylic ester and/or the acid anhydride group and 0 to 50 percent by weight of a vinyl monomer capable of being 
copolymerized with the former monomer, and preferably contains 1 00 to 75 percent by weight of the monomer having 
a (meth) acrylic ester and/or the add anhydride group and 0 to 25 percent by weight of the copolymerizable vinyl 
monomer, from the viewpoint of ease of preparing a (meth)acrylic block copolymer having desired physical properties, 
costs, and availability. A content of less than 50 percent by weight of the monomer having the (meth) aery lie. ester and/or 
the acid anhydride group may negatively affect the characteristic features of (meth)acrylic esters, such as weather 
resistance, high glass transition temperature, and compatibility with the resin. 

[0041 ] The molecular weight of the (meth)acrylic polymer block (A1 ) can be set according to the required cohesion of 
the (meth)acryiic polymer block (A1 ), the time required for polymerization, and other factors. 

[0042] The cohesion depends on the degrees of interaction and entanglement among molecules. As the molecular 
weight is increased, the cohesion increases due to increased entanglement. Specifically, when the required molecular 
weight of the (meth)acrylic polymer block (A1) is denoted by M A1 and the molecular weight between entangling points 
is denoted by Mc A1 , preferably the relationship M A1 > Mc A1 holds if cohesion is required. If more cohesion is required, 
preferably, the relationship M A1 > 2 x Mc A1 holds; if a certain cohesion and creep characteristics are required together, 
the relationship Mc A1 < M A1 < 2 x Mc A1 holds. The molecular weight between entangling points can be referred to, for 
example, Wu et al. (Polym. Eng. and Sci. , 1 990, Vol. 30, p. 753) . For example, a number average molecular weight of 
a (meth) acrylic polymer block (A1) requiring cohesion, composed entirely of methyl meth aery late is preferably 100 or 
more. Since polymerization time tends to increase as the number average molecular weight increases,, the molecular 
weight may be set according to required productivity. It is preferably set at 200,000 or less, and more preferably 1 00,000 
or less. However, since the introduction of the acid anhydride group gives the (meth)acrylic polymerblock (A1 ) a cohesion, 
the molecular weight can be set lower than these values. 

[0043] (Meth)acrylic esters constituting the (meth)acrylic polymer block (A1) include methacrylic esters and acrylic 
esters. Exemplary methacrylic esters include: aliphatic hydrocarbon (for example alky!) methacrylates, such as methyl 
methacrylate, ethyl methacrylate, n-propyl methacrylate, n-butyl methacrylate, isobutyl methacrylate, n-pentyl methacr- 
ylate, n-hexyl methacrylate, n-heptyl methacrylate, n-octyl methacrylate, 2-ethylhexyl methacrylate, nonyl methacrylate, 
decyl methacrylate, dodecyl methacrylate, and stearyl methacrylate; aHcydic hydrocarbon methacrylates, such as cy- 
clohexyl methacrylate and isobornyl methacrylate; aralkyl methacrylates, such as benzyl methacrylate; aromatic hydro- 
carbon methacrylates, such as phenyl methacrylate and toluyl methacrylate; esters of a methacrylic acid and an alcohol 
with a functional group having an ethereal oxygen, such as 2-methoxyethyl methacrylate and 3-methoxybutyl methacr- 
ylate; aikyl fluoride methacrylates, such as trifluoromethyl methacrylate, 2-trifluoroethyl methacrylate, 2-perfluoroethyl- 
ethyl methacrylate, 2-perf I uoroethyl-2-perf I uorobutylethyl: methacrylate, 2-perfluoroethyl methacrylate, perfluoromethyl 
methacrylate, cfiperfluoromethylmethy I methacrylate, 2-perf luoromemyl-2-perfluoroethylmethyl methacrylate, 2-perfluor- 
ohexylethyl methacrylate, 2-perfiuorodecylethyl methacrylate, and 2-perfluorohexadecylethyl methacrylate. : 
[0044] Exemplary acrylic esters constituting the (meth)acrylic polymer block (A1) include: aliphatic hydrocarbon (for 
example alkyl) acrylates, such as methyl acrylate, ethyl acryiate, n-propyl acrylate, n-butyl acrylate, isobutyl aery late, n- 
pentyl acrylate, n-hexyl acrylate, n-heptyl acrylate, n-octyl acrylate, 2-ethylhexyl acrylate, nonyl acrylate, decyl acrylate, 
dodecyl acrylate, and stearyl acrylate; alicyclic hydrocarbon acrylates, such as cyclohexyl acrylate and isobornyl acrylate; 
aromatic hydrocarbon acrylates, such as phenyl acrylate and toluyl acrylate; aralkyl acrylates, such as benzyl acrylate; 
esters of an acrylic acid and an alcohol with a functional group having an ethereal oxygen,, such as 2-methoxyethyl 
acrylate and 3-methoxybutyl acrylate; alkyl fluoride acrylates, such as tr'rfluoromethylmethyl acrylate, 2-trifluoromethyl- 
ethyl acrylate, 2 i perfluoroethylethyl acrylate; 2-perfluoroethyl-2-perfluorobutylethyl acrylate, 2-perfluoroethyl acrylate, 
perfluoromethyl acrylate, diperfluoromethylmethyl acrylate, 2-perfluoromethyl-2-perfluoroethylmethy I acrylate, 2-per- 
fluorohexylethyl acrylate, 2-perfluorodecylethyt acrylate, and 2-perfluorohexadecylethyl acrylate. . 
[0045] At least one of these (meth) acrylic esters is used. Among these esters, methyl methacrylate is preferable from 
the viewpoint of compatibility with the thermoplastic resin to be combined, costs, and availability. 
[0046] .Vinyl monomers copolymerizable with the (meth)acrylic. ester constituting the (meth) acrylic block copolymer 
(A) include unsaturated compounds containing a carboxylic acid, aromatic alkenyl compounds, vinyl cyanides, conjugated 
dienes, unsaturated compounds containing a halogen, unsaturated compounds containing silicon, unsaturated dicar- 
boxylic compounds, vinyl ester compounds, and maleimide, compounds. , , . 

[0047] Exemplary unsaturated compounds containing a carboxylic acid include methacrylic acid and acrylic acid. 
Exemplary aromatic alkenyl; compounds include styrene-a-methylstyrene, p-methylstyrene, and p-methoxystyrene. 
Exemplary vinyl cyanides include, acrylonitrile and methacrylonitrile. Exemplary conjugated dienes include butadiene 
and isoprene. Exemplary unsaturated compound containing a halogen include vinyl chloride, -vinylidene chloride, per- 
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fluoroethylene.perfluoropropylene, and vinylidene fluoride. Exemplary unsaturated compounds containing silicon include 
vmyltrimethoxysllane and vinyltriethoxysi lane. Exemplary unsaturated dicarboxylic compounds include maleic anhydride 
maleic acid, maleic acid monoalkyl or dialkyl esters, fumaric acid, and f umaric acid monoalkyl or dialkyl esters Exemplary 
vinyl ester compounds include vinyl acetate, vinyl propionate, vinyl prvalate, vinyl benzoate, and vinyl cinnamate Ex- 
emplary maleimide compounds include maleimide, methylmaleimide, ethylmaJeimide, propylmaleimide, butyl maleimide 
hexylmaleimide, octylmaleimide, dodecylmaleimide, stearylmaleimide, phenylmaleimide, and cyclohexylmaleimide At 
least one of these vinyl monomers is used. 

[0048] A suitable vinyl monomer can be selected according to the compatibility of the (meth) acrylic block copolymer 
(A) with the thermoplastic resin and/or a thermoplastic elastomer. A polymer constituted of methyl methacrylate is 
depolymerized nearly quantitatively by thermal decomposition. In orderto prevent this depolymerization, an acrylic ester 
such as methyl acrylate, ethyl acrylate, butyl acrylate, or 2-methoxyethyl acrylate, their mixture, or styrene may be 
coporymenzed. For still higher oil resistance, acrylonitrile may be copolymerized. 

[0049] The glass transition temperature of the (meth)acrylic polymer block (A1 ) is preferably 0°C or more and more 
preferably over room temperature. The glass transition temperatures (Tg) of the above-described polymer ((meth)acrylic 
polymer block (A1 )) can be set by setting the weight fractions of the monomers constituting polymer portions according 
to the foregoing Fox equation. The glass transition temperature herein is defined as a value obtained by calculation in 
accordance with the Fox equation using glass transition temperatures of monomers listed in Polymer Handbook Third 
Edition (Wiley-lnterscience, 1989). 

20 <Acrylic polymer block (A2)> 

[0050] The acrylic polymer block (A2) contains 100 to 50 percent by weight of a monomer having an acrylic ester 
and/or the acid anhydride group and 0 to 50 percent by weight of a vinyl monomer capable of being copolymerized with 
the former monomer, and preferably contains 1 00 to 75 percent by weight of the monomer having an acrylic ester and/or 
the acid anhydride group and 0 to 25 percent by weight of the copoiymerizable vinyl monomer, from the viewpoint of 
ease of prepanng a composition having desired physical properties, costs, and availability. An acrylic ester content of 
less than 50 percent by weight may negatively affect the characteristic features in use of acrylic esters, and particularly 
impact resistance. 1 

[0051] The molecular weight of the acrylic polymer block (A2) can be set according to the required elastic modulus 
and rubber elasticity of the acrylic polymer block (A2), the time required for polymerization, and other factors 
[0052] Elastic modulus has a close relation to the mobility of the molecular chain and the molecular weight of the 
chain. Accordingly, an expected elastic modulus is not obtained unless the molecular weight is over a certain level The 
samegoesfor rubber elasticity. Preferably, the molecular weight is highfrom me viewpoint of rubber elasticrty. Specifically 
the molecular weight of the acrylic polymer block (A2), M^ t preferably satisfies the relationship > 3,000* more 
preferably > 5,000; still more preferably > 10.000; still further preferably > 20,000; and most preferably 
. *2 > 40 ' 000 - Unfortunately, since polymerization time tends to increase as the number average molecular weight 
increases, the molecular weight may be set according to required productivity. It is preferably set at 500 000 or less 
and more preferably 300,000 or less. 

[0053] Acrylic esters constituting the acrylic polymer block (A2) include the same acrylic esters enumerated in the 
descnption of the (meth) acrylic polymer block <A1), and at least one of those acrylic esters is used. 
[0054] Among those esters n-butyl acrylate is preferable from the viewpoint of impact resistance of the thermoplastic 
resin composition, costs, and availability. If the composition requires oil resistance, ethyl acrylate is suitable. If the 
composition requires enhanced low-temperature characteristics, 2-ethylhexyl acrylate is suitable. If both oil resistance 
and enhanced low-temperature characteristics are required, it is preferable to mix ethyl acrylate, n-butyl acrylate and 
45 2-methoxyethyl acrylate. ' 

[0055] Vinyl monomers copoiymerizable with the acrylic ester constituting the acrylic polymer block (A2) include 
metnacrylic esters, aromatic alkenyl compounds, vinyl cyanides, conjugated dienes, unsaturated compounds containing 
a halogen, unsaturated dicarboxylic compounds, vinyl ester compounds, and maleimide compounds. Examples of these 
compounds have been enumerated in the description of the (meth)acrylic polymer block- <A1). At least one of these vinyl 
so monomers is used. 

[0056] A suitable vinyl monomer can be selected from these monomers according to the required glass transition 
temperature, elastic modulus, and polarity of the acrylic polymer block (A2), required physical properties of the compo- 
sition, and the compatibility with the thermoplastic resin and/or the thermoplastic elastomer. For example, in order to 
enhance the oil resistance, acrylonitrile may be copolymerized. 

[0057] The glass transition temperature of the acrylic polymer block (A2) is preferably in the range of -100 to 50°C 
and more preferably in the range of -100 to 0°C. A glass transition temperature of more than 50*C may degrade the 
rubber elasticity of the (meth) acrylic block copolymer (A), and a glass transition temperature of less than -1 00<> c may 
degrade the mechanical strength of the (meth)acrylic block copolymer (A). 



25 



30 



40 



55 



BNSDOCID: <EP 16S9406A1_I_> 



EP 1 669 406 A1 

[0058] The glass transition temperatures (Tg) of the above-described polymer (acrylic polymer block (A2)) can be set 
by setting the weight fractions of the monomers constituting polymer portions according to the foregoing Fox equation. 
The glass transition temperature herein is defined as a value obtained by calculation in accordance with the Fox equation 
using glass transition temperatures of monomers listed in Polymer Handbook, Third Edition (Wiley-lnterscience, 1989). 

5 

<Acid anhydride group> 

[0059] The acid anhydride group is expressed by general formula (1) : 
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CO 
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(wherein R 1 each represent hydrogen or the methyl group, and may be the same or different, n represents an integer 
in the range of 0 to 3, and m represents an integer of 0 or 1). This acid anhydride group has a high reactivity with 
compounds having an amino group, a hydroxy group, or the like and; accordingly, can be used as a reacting site for 
modifying the polymer to enhance compatibility with a blended thermoplastic resin and/or thermoplastic elastomer. The 
acid anhydride can serve as a crossHnking site by a reaction with the compound (B) containing at least two amino 
group in its molecule. In addition, by introducing the acid anhydride into a desired site of the (meth)acrylic block copol- 
ymer (A), the (meth)acrylic block copolymer (A) can be'crosslinked at a desired site. Furthermore, the acid anhydride 
group has a high glass transition temperature (Tg) ; Polymers having the acid anhydride group have a i high glass 
transition temperature. Accordingly, if it is introduced to a hard segment, the heat resistance of the (meth)acrylic block 
copolymer (A) can be enhanced. For example, poly(rriethacrylic anhydride) has a glass transition temperature of 159°C. 
By introducing a unit constituting such polymers, the heat resistance of the (meth)acrylic block copolymer (A) can be 
enhanced. - • .■= '•*• 

[0060] The process for introducing the acid anhydride group is not particularly limited, but preferably, a precursor of 
the acid anhydride group is introduced to the (meth)acrylic block copolymer (A) and then cyclized. For example;- it is 
preferable that an acrylic block copolymer (A') containing a precursor of the acid anhydride group having at least one 
unit expressed by general formula (2) be melt-kneaded at a temperature in the range of 180 to 300°C to cycfize the 
precursor, and thus the acid anhydride group is introduced: General formula (2) is: 
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(wherein R 2 represents hydrogen or the methyl group; and R 3 each represent hydrogen, the methyl group, or the phenyl 

group and may be the same or different as long as at least one R 3 is the methyl group); - - - - 

[0061] The unit expressed by general formula (2) can be introduced by copolymerizing an acrylic ester being the 

precursor or a methacrylic ester monomer. . , ; ' . 

[0062] The unit expressed by general formula (2) is separated from the adjacent ester unit and cyclized at a high 

temperature to form the acid anhydride group (refer to, for example, Hatada et aL, J. M. S. -PURE APPL. CHEM., A30 

(9 & 1 0), PP. 645-667 (1 993)). This document describes that, in a polymer having p-hydrogen, the ester unit is generally 

decomposed at high temperature and is subsequently cyclized to form the acid anhydride group.' By applying the process 

of this document, the acid anhydride group can be easily introduced to the (meth)acryiic block copolymer (A). Such 
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monomers include, but not particularly limited to, t-butyl acrylate. isopropyl acrylate, «, a-dimethylbenzyl acrylate a- 
methy benzyl acrylate, t-butyl methacrylate, isopropyl methacrylate, «. a-dimethylbenzyl methacrylate, and a-methyl- 
benzyl me hacrylate. Among these monomers, t-butyl acrylate and t-butyl methacrylate are preferable from the viewpoint 
of availability and eases of polymerization and acid anhydride group formation. 
5 [ °°! 31 „ ?-'L the formstion acid anhydride group, the acrylic block copolymer (A') containing a precursor of the 
^,^1* . 9r0UP fe h6ated at 3 hi9h tem Perature, and preferably, but not limited to, a temperature in the range of 
180to300 C AtemperatureoflowerthanlSO-Cmaynotsufficientlyproducetheacidanhydridegroup.andatemperature 
of h.gher than 300»C may decompose the acrylic block copolymer (A') containing a precursor of the acid anhydride 
group. In a general process for introducing the acid anhydride group, the ester unit is partially decomposed at high 
temperature to form a carboxyl group, followed by cyclization to form the acid anhydride group. Accordingly, the carboxyl 
group may be partially left when the acid anhydride group is introduced. 

<Process for preparing the acrylic block copolymer (A') containing a precursor of the acid anhydride group> 

15 \^L27 r ^T S ! Z K rePari 7 aCryRC b ' OCk co *"**™ f < A '> ^^nins a precursor of the acid anhydride group 
f P arteu,ari y but preferably a controlled polymerization using a macromolecular initiator is applied The 

controlled polymerization may be living anionic polymerization, radical polymerization using a chain transfer agent or 
living radfcal polymenzation which has recently been developed. Among these processes living radical polymerization 
is preferable from the viewpoint of controlling the molecular weight and structure of the acrylic copolymer 
[0065] In the living radical polymerization, the activity of the polymer ends is maintained, but not lost. While livinq 
polymenzation refers to a polymerization in which the polymer ends constantly maintain activity in narrow definition ft 
generally includes quasi-living polymerization in which inactivated ends and activated ends are in equilibrium state 

izaS^Sy here ' n * ****** ^ Vari ° US 9r ° UpS haW n ° MVV StUdy ' ng " Ving radical P«W 
& [0066] Exemplary studies include: processes using a chain transfer agent, such as polysulfide, and using a radical 

^o a ^ a, !" P o 0rPhyrin COmP ' eX (J - Chem - S0C - 1 994 ' VoL 1 16 ' P" 7943 > or a nit ^e compound 
iomrZf 6S - v^* V01 , 27, P " 7228) ■' and at ° m tranSfer radfcal P^erization (ATRP) using an organic halogen 
compound as an initiator and a transition metal complex as a catalyst Any one of these processes may be applied in 
the present invention. Preferably, ATRP is preferable from the viewpoint of ease of control 

[0067] In ATRP, an organic halogen compound or a sulfonyl halide is used as an initiator, and a metal complex having 
a Group 8, 9 10. or 1 1 element as the central metal atom is used as a catalyst (referto, for example. Matyjaszewski et 
aL J Am. Chem. Soc, 1995, Vol. 117, p. 5614; Macromolecules, 1995, Vol. 28, p. 7901; Science, 1996>o. 272 p 
866; Sawamoto et al. , Macromolecules, 1995. Vol 28 p 1721) P " 
[0068] [0056] 

35 [0069) In these methods, polymerization proceeds like living polymerization, termination reaction does not easily occur 
a polymer having a narrow molecular-weight distribution (Mw/Mn of about 1 . 1 to 1 .5) can be produced, and the molecular 
weigh can be freely controlled by the monomer-initiatoroharge ratio, although they are radical polymerization in which 
mn 7 P „°, ym rT 2at ' 0n rate iS * e temVlnation reacti °" °ue to coupling between radicals and the like easihy occurs 

40 EL ™ e , 0rgan ' C ha '° 9en com P°"nd or sulfonyl halide used in the ATRP may be a monofunctional. Afunctional, or 
polyfunctional compound. A su.table compound can be selected from these compounds according to the purpose 
" 3 m °" ofunctional «™P°""d is suitable for preparing a diblock copolymerfrom the viewpoint of availability of 

the .mtetor; a bifunct.onal compound fe suitable for preparing x-y-x and y-x-y triblock copolymer from the viewpoint of 
the number of reaction steps and decrease in time; and a polyfunctional compound is suitable for preparing a branched 
block copolymer from the viewpoint of the number of reaction steps and decrease in time 
« [0071 ] A macroinitiator may be used as the initiator. The macromolecular initiator refers to a polymer having a halogen 
atom at an end of rts chain in organic halogen compounds and sulfonyl halide compounds. This macromolecular initiator 
^tXTZlt 6Ven K ' ^"^^^^ations other than living radical polymerization. Thus, it can provide dis- 
tinctively a block copoVmer comprising poVmers prepared by different polymerizations. 
[0072] Exemplary monofunctional compounds are expressed by: 
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C6H 5 -CH 2 X; 
C 6 H 5 -C(H) (X)-CH 3 ; 
C 6 H 5 -C(X) (CHgk; 
R 4 -C (H) (X) -COORS; 
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R 4 -C(CH 3 ) W-COOR*; f 
R 4 -C(H) (X)-CO-R 5 ; 
5 R 4 -C (CH 3 ) (X) -CO-R 5 ; 

and 

R 4 -C 6 H 4 -S0 2 X. 

10 

[0073] In the formulas, C 6 H 5 represents the phenyl group; C 6 H 4 , a phenylene group (any one of ortho-, meta-, and 
para-substitutions). R 4 represents hydrogen, an alkyl group having a carbon number in the range of 1 to 20, an aryi 
group having a carbon number in the range of 6 to 20, or an aralkyl group having a carbon number in the range of 7 to 
20. X represents chlorine, bromine, or iodine. R 5 represents a monovalent organic group haying a carbon number in the 
range of 1 to 20. 

[0074] Exemplary alkyl groups (including alicyclic hydrocarbon groups) expressed by R 4 having a carbon number in 
the range of 1 to 20 include methyl, ethyl, propyl, isopropyl, n-butyl, isobutyi, t-butyl, n-pentyl, n-hexyl, cyclohexyl, n- 
heptyl, n-octyl, 2-ethylhexyl, nonyl, decyl, dodecyl, and isobomyl. Exemplary aryl groups having a carbon number in the 
range of 6 to 20 include phenyl, tolyl, and naphthyl. Exemplary aralkyl groups having a carbon number in the range of 
7 to 20 include benzyl and phen ethyl. 

[0075] Exemplary monofunctional compounds specifically include tosyl bromide, methyl -2-bromopropionate, ethy 1-2- 
bromopropionate, butyl-2-bromopropionate, methyl-2-bromoisobutyrate, ethyl-2-bromoisobutyrate, and butyl-2-bromoi- 
sobutyrate. Among these monofunctional compounds, ethyl-2-bromopropionate and butyl -2-bromopropionate are pref- 
erable from the viewpoint of ease of polymerization control because they have structures similar to those of acrylic ester 
monomers. 

[0076] Exemplary bif unctional compounds are expressed by: 
X-CH 2 ~CgH4-CH 2 ~X; 
30 X-CH(CH 3 )-C 6 H 4 -CH(CH 3 )-X; 

X-C(CH 3 ) 2 -C 6 H 4 -C(CH 3 ) r X; 

X-CH(COOR 6 )-(CH 2 ) n -CH(COOR 6 )-X; 

35 .. 

X-C(CH 3 )(COOR 6 )-(CH 2 ) n -C(CH 3 )(COOR 6 )-X; 
X-CH(COR 6 )-(CH 2 ) n -CH(COR 6 )-X; 
X-C (CH 3 ) (COR6) - (CH 2 ) n -C (CH 3 ) (COR6)-X; 
X-CH 2 -CO-CH 2 -X; 

X-CH(CH 3 )-CO-CH(CH 3 )-X; 

45 . ..... . ... - •• • 

X-C(CH 3 ) 2 -CO-C(CH 3 ) 2 -X; 
X-GH (C 6 H 5 ) -CO-CH (C 6 H 5 ) -X; 
X-CH 2 -COO-(CH 2 ) n -OCO-CHp-X; 

X-CH(CH 3 )-COO-(CH 2 ) n -OCO-CH(CH 3 )-X; - 
X-qeH^-COO-fCH^-OCO-CtCH^-X; 
X-CH 2 -CO-CO-CH 2 -X; 
X-CH(CH 3 )-CO-CO-CH(CH 3 )-X; 
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io and 



X-C(CH 3 ) 2 -CO-CO-C(CH 3 ) 2 -X; 
X-CH 2 -COO-C 6 H 4 -OCO-CH 2 -X; 
X-CH(CH 3 )-COO-C 6 H 4 -OCO-CH(CH 3 )-X; 
X-C(CH 3 ) r QOO-C 6 H 4 -OCO-C(CH 3 ) 2 -X; 

X-S0 2 -C 6 H 4 -S0 2 -X. 

is !!, 07 ? • repreSentS , an a,kyl 9rou P havin 9 a ~*on "umber in the range of 1 to 20, an aryl group having a carbon 
* number .n the range of 6 to 20, or an aralkyl group having a carbon number in the range of 7 to 20 n rep^ente In 
integer in the range of 0 to 20. C 6 H 5 , C 6 H 4 , and X are the same as above. 

10078] For R6 exemplary alkyl groups having a carbon number in the range of 1 to 20. aryl groups having a carbon 

ZJT^T 8 " of « 6 10 20, ?lr** 9roups havin9 a ca * on number in the <* 7 to 20 « S liSTS 

above, and the description is omitted. 

20 J^ m 2T Pteiy bif " ncti0 " a ! com P°™<* include bis(bromomethyl)ben2ene. bis<1 -bromoethyl)benzene, bis(1 -bro- 
\ ™T * 2 f dbro ^<*inate, methyl 2,3-dibromosuccinate, dibuty. 2,3-dibromosuccinate, 
dtSK^m^^S; d '^ 2 't dibrom °9 llJtara,e ' *uW 2.4-dibromog.utarate. dimethyl 2.5-dibromoadipate 
J??J ^ 'bromoad P ate, dibutyl 2.5-d.bromoadipate, dimethyl 2.6-dibromopimelate, diethyl 2.6-dibmmopimelate dib- 
utyl 2 6-d.bromop.melate, dimethyl 2,7-dibromosuberate, diethyl-2.7-dibromosuberate, and dibuty 1-2, 7-dibromosuber- 
Tf Se f ° n u a ,' c ° m P ounds - bis(bromomethyl)ben 2 ene, diethyl 2, 5-dibromoadipate, and diethyl 2,6- 
d.bromopimelate are preferable from the viewpoint of the availability of raw materials 
[0080] Exemplary polyfunctions compounds are expressed by: 
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C 6 H 3 - (CH 2 -X) 3 ; 
C 6 H3-(CH(CH 3 )-X) 3 ; 
C 6 H 3 -(C(CH 3 ) 2 -X) 3 ; 
C 6 H 3 - (OCO-CH 2 -X) 3 ; 
CgHg - (OCO-CH (CH 3 )-X) 3 ; 
C 6 H 3 -(OCO-C(CH 3 ) 2 -X) 3 ; 



and 



C 6 H 3 -(S0 2 -X) 3 . 

KflL .Li* 6 '''T^' ° 6H3 13 3 WVa,ent Phenyl gr0Up (anv three of the 1 - t0 6-POsilion may have substituents and 
a is in g same as above. 

m 0 ^LS emPla ,^ POlyfUnCtiOnal com P° unds indude tris(b TO momethyl)ben 2 ene, tris(1-bromoethyl)benzene. and tris 
^o? avSr^ Zen6 ' th6Se POlyfUnCti0nal com P° unds . tris(bromomethyl)benzene is preferable from the 

if ° I r9anfc ha, ° 9en ° ra SUlf0nyl halide having an °therfunctional group in addition to the functional group for 
* pOl 7 er f at,0n ' s used - a P° | y mer ha ving *e functional group other than the reaction-initiating gmup at an 

a e " d °' h H m ° ^ 6 eaSi ' y pr0Vided - Such functional 9 rou P s other the reaction-initiating group include 
alkenyl, hydroxy!, epoxy, amino, amide, silyl and so forth. 

Kho! 1 1,16 T an ? h3l09en """"^ na,ide "sed asthe inWator. the carbon bonding to the halogen group (halogen 
^rlnJL ^k 0 ^ 9TOUP ', a Ph6nyl 9r ° UP ' ° r the " ke and ' the carbon-halogen bond is activated to initiate 
moEw^ 

. h ^ ^'V" 16 '-- Specifically, the molecular weight of the acrylic block copolymer can 

be set according to how many molecules of the initiator are used for one molecule of the monomer 
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[0085] Preferred transition metal complexes used as the catalyst for the ATRP include, but not particularly limited to, 
monovalent and non-valent copper complexes, bivalent ruthenium complexes, bivalent iron complexes, and bivalent 
nickel complexes. 

[0086] Among these complexes, monovalent copper complexes are preferable from the viewpoint of costs and reaction 
control. Exemplary monovalent copper compounds include copper (I) chloride, copper (I) bromide, copper (I) iodide, 
copper (I) cyanide, copper (I) oxide, and copper (I) perchlorate. Among these compounds, copper (I) chloride and copper 
(I) bromide are more preferable from the viewpoint of polymerization control. In use of a monovalent copper compound, 
2,2'-bipyridyl and its derivatives (such as 4,4 , -dinonyl-2,2'-bipyridyl and 4 > 4 , -di(5-nony0-2,2*-bipyridyl); 1 ,1 O-phenanthro- 
line and its derivatives (such as 4,7-dinonyi-1,10-phenanthroiine and 5,6-dinonyM,1 0-phenanthroline), and poryamines 
such as tetramethyl diethylenetriamine (TMEDA), pentamethyl diethylenetriamine, and hexamethyl(2-aminoethyl)amine 
may be added as a ligand for enhancing catalytic activity. 

[0087] A tristriphenylphosphine complex of bivalent ruthenium chloride (RuCL,(PPh 3 ) 3 ) is also preferably used as the 
catalyst. In use of a ruthenium compound as the catalyst an aluminium alkoxide may be added as an activator. In 
addition, a bistriphenylphosphine complex of bivalent iron (FeCI 2 (PPh 3 ) 2 ), a bistriphenylphosphine complex of bivalent 
nickel (NiCI 2 (PPh 3 ) 2 ), and a bistributylphosphine complex of bivalent nickel (NiBr 2 (PBu 3 ) 2 ) are also preferably used as 
the catalyst. 

[0088] The types of the catalyst and the ligand to be used are not particularly limited, and can be appropriately selected 
according to the initiator, the monomer, and the catalyst and the required reaction speed. For example, for a polymerization 
of an acrylic monomer, such as an acrylic ester, it is preferable that the end of the macromolecular chain has a carbon- 
bromine bond from the viewpoint of polymerization control Accordingly, the initiator is preferably an organic bromide or 
sulfonyl bromide; the solvent, acetonitrile; and the catalyst, a metal complex having copper of copper bromide, preferably, 
copper (I) bromide, as the central metal and pentamethyldiethylenetriamine or the like as the ligand. For a polymerization 
of a methacryiic monomer, such as an acrylic ester, it is preferable that the propagation end of the macromolecular chain 
has a carbon-chlorine bond from the viewpoint of polymerization control. Accordingly, the initiator is preferably an organic 
25 chloride or sulfonyl chloride; the solvent, acetonitrile or its mixture with toluene or the like if necessary; and the catalyst, 
a metal complex having copper of copper chloride, preferably, copper (I) chloride, as the central metal atom and pen- 
tamethyldiethylenetriamine or the like as the ligand. 

[0089] The amount of the catalyst and the ligand to be used can be appropriately set according to the relationship 
among the amounts of initiator, monomer, and solvent and the required reaction speed. For example, in preparation of 

30 a polymer having a high molecular weight, which requires an initiator/monomer ratio lower than that in preparation of a 
polymer having a low molecular weight, the amounts of catalyst and ligand may be set large to increase the reaction 
speed. In preparation of a polymer having a glass transition temperature over room temperature, if an appropriate organic 
solvent is added to reduce the viscosity so as to increase stirring efficiency, the reaction speed tends to decrease. In 
such cases, the amount of catalyst and ligand may be set large to increase the reaction speed. 

35 [0090] The above-described ATRP can be performed without any solvent (bulk polymerization) or in various types of 
solvent. This polymerization using or not using a solvent can be terminated in midstream. The solvent may be a hydro- 
carbon, an ether, a halogenated hydrocarbon, a ketone, an alcohol, a nitrile, an ester, a carbonate, and so forth. 
[0091] Exemplary hydrocarbon solvents include benzene and toluene. Exemplary ether solvents include diethyl ether 
and tetrahydrofuran. Exemplary halogenated hydrocarbon solvents include methylene chloride and chloroform. Exem- 

*o plary ketone solvents include acetone, methyl ethyl ketone, and methyl isobutyl ketone. Exemplary alcohol solvents 

v include methanol, ethano I, propanol, isopropanol, n-butanbl, and t-butanol. Exemplary nitrile solvents include acetonitrile, 
propionrtrile, and benzonitrile. Exemplary ester solvents include ethyl acetate and butyl acetate. Exemplary carbonate 
solvents include ethylene carbonate and propylene carbonate. At least one of these solvents may be used. 
[0092] If a solvent is used, the amount of the solvent can be set according to the relationship between the viscosity 

45 of the entire system and the required stirring efficiency. If bulk polymerization or polymerization using a solvent is 
terminated in midstream, the conversion rate of the monomer at the suspended point can be set according to the 
relationship between the viscosity of the entire system and the required stirring efficiency. 

[0093] The polymerization is performed at a temperature in the range of 23 to 200°C, and preferably in the range of 
50 to 1 50°C. For preparing the acrylic block copolymer by the above-described polymerization, monomers may be added 

so one after another; a block may be polymerized using a previously synthesized polymer as a macroinitiator; or separately 
prepared polymers may be subjected to reaction to be combined with each other. Any one of these processes may be 
applied, and a suitable process may be selected according to the purpose. The process in which monomers are added 
one after another is preferable in view of ease of the production process. If a remaining monomer of the block in a 
previous step is need to be prevented from copolymerizing with the block in the subsequent step, preferably, the previously 

55 synthesized polymer is used as macroinitiator to polymerize the subsequent block. 

[0094] The processes will be described in detail in which monomers are added one after another and in which a block 
is polymerized using a previously synthesized polymer as a macromolecular initiator, but the process for preparing the 
acrylic block copolymer of the present Invention is not limited to these processes. 



13 



BNSDOC1D: <EP 1669406A1J > 



EP 1 669 406 A1 



10 



15 



20 



30 



45 



50 



55 



[0095] In the process of adding monomers one after another, preferably, a monomerto be polymerized in a subsequent 
step is added at a point where the conversion rate of the previously added monomer is in the range of 80% to 95% If 
the polymerization is progressed to a conversion rate of more than 95% (for example, 96% to 100%), the propagation 
reaction of the macromolecule is stochastically inhibited. In addition, macromolecular radicals become liable to react 
with each other and, thus, a side reaction, such as disproportionation. coupling, or chain transfer, tends to occur easily 
If a monomer is added at a point where the conversion rate is less than 80% (for example, 79% or less), the previously 
added monomer is mixed with the monomer for the subsequent step and may be undesirably copolymerized 
[0096] As for the order of monomer addition in this process, first an acrylic monomer is charged to polymerize and 
then a methacrylic monomer is charged to polymerize; or first a methacrylic monomer is charged to polymerize' and 
then an acrylic monomer is charged to polymerize. Preferably, an acrylic monomer is charged to pofymerize and a 
methacrylic monomer is subsequently charged to polymerize from the viewpoint of polymerization control. This is because 
it is preferable to grow the methacrylic polymer block from the end of the acrylic polymer block. 
[0097] In the process of polymerizing a subsequent block using a previously synthesized polymer as an initiator for 
example the temperature of a first block in a Wing state is once lowered at a desired pointto suspend the polymerizalion 
followed by evaporating the first block monomer under reduced pressure, and then a subsequent block monomer is 
added. If a third block and its subsequent blocks are polymerized, steps similar to that for the second block can be 
performed. In this process, a remaining block monomer in a previous step can be prevented from being copolymerized 
dunng polymerization of the second block or its subsequent blocks. 
[0098] Asfortheorderofblockpolymerizationinthisproc^ 

block is polymenzed; or first a methacrylic block is polymerized, and then an acrylfc: block is polymerized Preferably 
an acrylic block is polymenzed, and a methacrylic monomer is subsequently polymerized from the viewpoint of pofym- 
enzabon control. This is because it is preferable to grow the methacrylic polymer blockfrom the end of the acrylic polymer 

[0099] How the conversion rates of the acrylic monomer and the methacrylic monomer are derived will now be ex- 
plained. For determining the conversion rate, gas chromatography (GC), a gravimetric method and so forth may be 
applied. In GC method, reaction liquid samples of a polymerization system, taken on an as-needed basis before starting 
the reaction and during the reaction are subjected to GC. and the consumption rate of a monomer is obtained from the 
abundance ratio of the monomer to the reference material previously added to the polymerization system. This method 
can advantageously provide conversion rates of a plurality of monomers in a system separately. In the gravimetric 
method, the reaction liquid of a polymerization system is sampled to weigh before and after drying to obtain the solid 
content, and, thus, the conversion rate of total monomers is derived. This method can easily provide a conveision rate 
advantageously. For a system containing a plurality of monomers, for example, a methacrylic monomer and an acrylic 
monomer copolymerized with the methacrylic monomer, GC is preferably applied. 

[0100] The reaction liquid prepared by polymerization contains a mixture of a polymer and a metal complex. In order 
to yield an aciylic block copolymer resin solution, an organic acid containing the carboxy group or the sulfonic group is 
added to produce a metal complex and a metal salt, and filtered to remove the solid content. Then, impurities in the 
solution, such as an acid, are removed by adsorption with basic activated alumina, a baste adsorbent, a solid inorganic 
acid, an anion-exchange resin, or a cellulose anion exchanger. 

[01 1 01] The resulting polymer solution is subsequently subjected to evaporation to remove the polymerization solvent 
and the unreacted monomers, thereby isolating the acrylic block copolymer. The evaporation may be performed by thin- 
film evaporation, flash evaporation, transverse evaporation with an extrusion screw, and so forth. Among these evapo- 
rations, transverse evaporation with an extrusion screw can be efficient by itself or in combination with another evaporation 
because the acrylic block copolymer is viscous. 

<Process for preparing (meth)acrylic block copolymer (A)> 

[0102] For the preparation of the (meth)acrylic block copolymer (A), the acrylic block copolymer (A') containing a 
f ™ U ^ f ? J? anh y dride 9 rou P Prepared as above is preferably heated at a high temperature in the range of 180 
to 300 C. In this instance, the acrylic block copolymer (A") containing a precursor of the acid anhydride group may be 
heated in a state of a polymer solution under an increased pressure, heated while the solvent is evaporated to remove 
from the polymer solution, or heated directly to melt. Preferably, it is directly heated to melt from the viewpoint of reactivity 
to the acd anhydride group and ease of preparation. More preferably, the acrylic block copolymer (A') containing a 
precursor of the acid anhydride group is melt-kneaded. . 

[01 03] For heating the acrylic block copolymer (A') containing a precursor of the acid anhydride group in a polymer 
so uhon. a pressure-resistant reactor may be used For heating the acrylic block copolymer (A') containing a precursor 
of the acidanhydnde group while the solvent is evaporated to remove from the polymer solution, transverse evaporation 
with an extrusion screw can be applied. 

[0104] For directly heating the acrylic block copolymer (A') containing a precursor of the acid anhydride group, a 
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pressing machine, an injection molding machine and so forth can.be used. 

[01 05] For meft-kneading the acrylic block copolymer (A') containing a precursor of the acid anhydride group, various 
machine capable of heating and kneading at one time can be used. For example, a Banbury mixer, a kneader, and a 
single or mufti screw extruder that are commonly used in rubber processing may be used. Preferably, an extruder is 
used from the viewpoint of reactivity to the acid anhydride group and ease of preparation, but the machine is not limited 
to this. In the melt-kneadlng the acrylic block copolymer (A') containing a precursor of the acid anhydride group, the time 
of melt-kneading (residence time in the extruder if an extruder is used) is appropriately set according to melt-kneading 
temperature, the structure of the screwy the L/D ratio (ratio of the effective length L of the screw to the diameter D of the 
screw), the number of revolutions of the screw and so forth. 

<Compound (B) containing at least two amino groups in its mol ecu le> 

[0106] The compound (B) containing at least two amino acid groups in its molecule, used as a crosslinker is not 
particularly limited as long as it contains at least two primary or secondary amino groups in its molecule. However, it 
preferably contains a primary amino group from the viewpoint of reactivity with the acid anhydride group, and it is 
preferably a diamine having a primary amino group. Exemplary compounds (B) containing at least two amino groups in 
its molecule include aliphatic polyamines. such as ethylenediamine, diethylenetriamine.. triethylenetetramine, tetraeth- 
ylenepentamine, pentaethylenehexamine, tetramethylenediamine, pentarn ethylenediamine, hexamethylenediamine, tri- 
methylhexamethylenediamine, dodecamethylenediarriine, poryoxypropylenepolyamirie, 1 ,2-diaminopropane, bis(hex- 
amethylene)triamine, tris(2-aminoethyl)amine, N.N'-cnmethylethylenediamihe, N.N'-diethyM ,3-pfopanediamine, N,N'- 
dibutyl-1 ,6-hexadiamine, N,N'-diethyl-2-butene-1 ,4-diamine, N f IST-die'thyl-1 ,4-diaminocyclohexane,' and polyether 
polyamines having a molecular weight in the range of 200 to 1 ;000 (for example, polyoxypropylenediamirie with an amino 
group at both ends); alicyclic polyamines, such as cyclohexylenediamine, piperazine, isophoronediamine, 1,3-bisami- 
nomethylcyclohexarie, 1 ,4-bisaminopropylpiperazine, 1 ,3-bisamihocyclohexane, di(aminod'rcyclohexyl)methane| 3,3'- 
dimethyldi(aminocyclohexyl)methane, 1-cyclohexylamin6-3-amindpropane, 1 ,4-diaminocyclohexane, 1 ,4-diaminbcy- 
clopentane, di(aminocyclohexyl)methane, di(aminocycldhexyl)sulfbne, 1 ,3-di(aminocyc!ohexyl)proparie, 4-isoprbpyl- 
1 ,2-diaminocyclohexane, 2,4-diaminocyclohexane, N,N' -diethyl- 1 ,4-diaminc*jyclohexane, S.S'-bSmethyM^-diaminodi- 
cyclohexyimethane, and 3-aminomethyl-3,3,5-trimethylcycl6hexylamine; and aromatic polyamines, such as melamine, 
benzidine, o-phenylenediamine, m-phenylenediamihe, p-phenylened^amine,"4 f 4 , -cnaminodiphenylmethane, , 4,4 , -diami- 
nodiphenylsulfone, 4 f 4*-diaminodiphenyl ether, 2,4-diaminodiphenylamine, 1 ,5-diamirionaphthalene; 1 ,8-diamihbhaph- 
thalene, and 2,4-diaminotoluene. 

[0107] At least one of these compounds is used! in particular, preferred compounds have a boiling point of 1 00°C or 
more, and more preferably 1 50°C or more, from the viewpoint of availability, costs, arid handling for reaction. In addition, 
the compound preferably has superior compatibility with the (meth)acrylic block copolymer (A). ■ : ; 
[01 08] The number of amino groups of the compound (B) containing at least two amino groups in its molecule can be 
set according to the balance between the hardness and mechanical strength of the resulting elastomer and the com- 
pression set properties. As for the content of the compound (B), the molar ratio of the amino groups in the compound 
(B) to the acid anhydride group in the (meth)acrylic coporyrher (A) is preferably in the range of 0.01 to 10,- and more 
preferably in the range of 0.05 to 10. A content of higher than 10 of the compound (B) containing at least two amino 
group in its molecule reduces the mechanical- strength of the resulting elastomer, and a content of lower than 0.01 
degrades the Crosslin king reactivity of the resulting elastomer. 

<Thermoplastic resin (C)> 

[01 09] Exemplary thermoplastic resins (C) used in the present invention include, but not particularly limited to, polyvinyl 
chloride-based resins, polyethylene-based resins, polypropylene-based resins, cyclic olefin copolyrher resins, pblymetn- 
ylmethacrylate-based resins, polystyrene-based resins, polyphenyleneether-based resins, polycarbonate-based resins, 
^polyester-based resins; polyamide-based resins, polyacetal resins, poryphenylenesulfide resins, polysulfone resins, 
polyimide resins^ pofyetherimide resins, pdlyetherketone' resins, poryetheretherketone resins, polyamideimide resins, 
and a homopolymer or a copolymer prepared by polymerizing 70 to 1 00 percent by weight of at least one vinyl monomer 
selected from the group consisting of aromatic alkenyl compounds, vinyl cyanides, and (meth) acrylates with 30 to 0 
percent by weight of other vinyl monomers copolymerizable with the former vinyl monomers, such as ethylene, propyrbne, 
and vinyl acetate. At least one of these thermoplastic resins is used. 

[01 1 0] - More specifically, the poly( vinyl chloride)4>ased resins include polyvinyl chloride) homopolymers with various 
polymerization degrees, vinyl chloride copolymers, such as vinyl chloride-vinyl acetate copolymers, vinyl chloride-vinyl 
aeetate-maleic anhydride copolymers^ vinyl chloride-ethylene copolymers, and vinyl chloride-prbpylene copolymers; 
polyvinyl chloride) alloys, such as those of polyvinyl chloride) and ethylene-vinyl acetate copolymer, poly(vinyi chloride) 
and chlorinated polyethylene, polyvinyl chloride) and acrylic copolymer, and polyvinyl chloride) and polyurethane; 



15 



<EP 1669406A1 J. > 



EP 1 669 406 A1 



10 



75 



20 



25 



30 



35 



40 



45 



50 



55 



SZSJoK!? 1 " Ch,0 r de) ' 35 POly(Viny ' chl ° ride >™er complexes and chlorinated poly(viny. chloride)- poly 

tZT t y^L ^^^^^ C ° P0,ymere - SUCh 38 vinyndenecK.oL-lylch.o^c? 
[OllT] | S] Chlonde - acry,onltn,e ^polymers, and vinylidene chloride-acrylate copolymers. 

SlnS 7116 reSinS in ° IUde Polyenes, such as homoisotactic polypropylene isotactic oolv 

SiiS SoToooZ; b rT d reS | nS inClUde P ° ,yStyrene hom °P°^^ and syndiotactic polystyrene. 

^^^^^ 

terephthatete po^ 

ethXn7tere« P°ly(ethylene naphthalate), poly(cyclohexanedimethylene terephthalate) 

2 and ^ 0 t heXan ^ t "V tene terephthalate copolymers, and the,motropic liquid crystal potymertype 

mCSS^2K^ 35 am ° rPhOUS P °^ ,ate ' therm0tr ° PiC ,iqUid CrySte ' pVef^V^ 
mid^L^PA^r'.fr^ reS ' nS inC ' Ude rin 9-°P eni "9 Polymerized aliphatic polyamides. such as PAS (polycaproa- 

sSSEsi— 

c^^A)Stne^.f ^°S^l f f lnS fTOm ^ W,e " po,nt ° f the «W»y with the (meth) acrylic block 
and PA612, are preferable from the viewpoint of the compatibility with the (meth)acrvl.c block copolymer (A). 
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[01 24] The thermoplastic resin (C) content is preferably in the range of 5 to 150 parts by weight, and more preferably 
in the rang of 10 to 100 parts by weight, relative to 100 parts by weight of the (meth) acrylic block copolymer (A). A 
thermoplastic resin (C) content of more than 150 parts by weight may degrade the rubber elasticity of the resulting 
thermoplastic elastomer. A thermoplastic resin (C) content of less than 5 parts by weight may degrade the formability 
5 or mechanical strength of the resulting thermoplastic elastomer. 

<Softening agent (D)> 

[01 25] The thermoplastic elastomer composition of the present invention may contain various types of softening agents 

io in order to reduce the hardness and increase the elongation of the thermoplastic elastomer composition. Also use of a 
softening agent can increase the elongation of the cured material in combination with a filler which is described later, 
and allows a large amount of filler to be mixed. It is therefore preferable to add the softening agent. 
[01 26] Exemplary softening agents include, but not particularly limited to, plasticizers commonly used in thermoplastic 
resins and rubber; softeners, such as process oil; oligomers; oil and fat of animals and vegetables; and petroleum fraction 

15 compounds, such as kerosene, light oil, heavy oil, and naphtha. The softeners may be a process oil/More specifically, 
the process oil may be a petrolic process oil, such as paraffin oil, naphthenic process oil, or aromatic process oil. The 
plasticizers include phthalic acid derivatives, such as dimethyl phthalate, diethyl phthalate, di-n-butyl phthalate, di-(2- 
ethylhexyl) phthalate, diheptyl phthalate, diisodecyl phthalate, di-n-octyl phthalate, diisonbnyl phthalate, ditridecyl phtha- 
late, octyldecyl phthalate, butylbenzyl phthalate, dicyclohexyl phthalate, and >hydroxyethyl-2-ethylhexyl phthalate; iso- 

20 phthalic acid derivatives, such as dimethyl isophthalate; tetrahydrophthalic acid derivatives, such as di-(2-ethylhexyl) 
tetrahydrophthalate; adipic acid derivatives, such dimethyl adipate, dibutyl adipate, di-n-hexyl adipate, di-(2-ethylhexyl) 
adipate, isononyl adipate, di-isodecyl adipate, and dibutyldiglycol adipate; azelaic acid derivatives, such as di-2-ethylhexyl 
azelate; sebacic acid derivatives, such as dibutyl sebacate; dodecane-2-acid derivatives; maleic acid derivatives, such 
as dibutyl maleate and di-2-ethylhexyl maleate; fumaric acid derivatives, such as dibutyl fumarate; hydroxybenzoates, 

25 such as 2-ethylhexyl o- or p-hydroxybenzoate, hexyldecyl o- or p-hydroxybenzoate, ethyldecy! o- or p-hydroxybenzoate, 
octyloctyl o- or p-hydroxybenzoate, decyldodecy I o- or p-hydroxybenzoate, methyl o- or p-hydroxybenzoate, butyl o- or 
p-hydroxybenzoate, hexyl o- or p-hydroxybehzoate, n-octyl o- or p-hydroxybenzoate, decyl o- or p-hydroxybenzoate, 
and dodecyl o^ or p-hydroxybenzoate; trimellitic acid derivatives, such as tris-2^ethylhexyl trimellitate; pyromellitic acid 
derivatives; citric acid derivatives, such as acetyltributyl citrate; itaconic acid derivatives; oleic acid derivatives; ricinoleic 

30 acid derivatives; stearic acid derivatives; other fatty acid derivatives; sulfonic acid derivatives; phosphoric acid derivatives; 
glutaric acid derivatives; polyester-based plasticizers being polymers of a dibasic acid, such as adipic acid, azelaic acid, 
or phthalic acid, and glycol, monohydric alcohol or the like; glycol derivatives; glycerin derivatives; paraffin derivatives, 
such as chlorinated paraffin; epoxy derivatives; polyester-based polymer plasticizers; polyether-based polymer plasti- 
cizers; carbonate derivatives, such as ethylene carbonate and propylene carbonate; benzenesulfonic acid alkylamides, 

35 such as benzenesulfonic acid propylamide, benzenesulfonic acid butylamide, and benzenesulfonic acid 2-ethylhexyla- 
mide; toluenesulfonic acid alkylamides, such as N-ethy!-o- or N-ethyl-p-toluenesulfonic acid butylamide and N-ethyl-6- 
or N-ethyl-p-toluenesulfonic acid 2-ethylhexylamide; vinyl polymers prepared from vinyl monomers by various polymer- 
ization processes, such as acrylic plasticizers. In the present invention, the plasticizer is not limited to these, and various 
plasticizer may be used, including widely commercially available plasticizers for rubber and thermoplastic resin. Corn- 
ea mercially available plasticizers include Thiokol TP (produced by Morton), ADEKA CI2ER CM 30P, C-79, UL-1 00, P-200, 
RS-735 (produced by Asahi Denka Co., Ltd), SANSO CIZER N-400 (produced by New Japan Chemical Co., Ltd.), BM- 
4 (produced by Daihachi Chemical Industry Co., Ltd.), EHPB (produced by Ueno Seiyaku Co.,Ltd.), and Exceparl (pro- 
duced by Kao Corporation), UP-1000 (produced by Toagosei Co., Ltd.). Exemplary vegetable oils include ricinus oil, 
cottonseed oil, linseed oil, rape-seed oil, soybean oil, palm oil, coconut oil, peanut oil, pine oil, and tall oil. 

*5 [0127] : Preferably, a softening agent is selected from above which has superior compatibility with the (meth)acrylic 
block copolymer (A) and the thermoplastic resin (C) . Preferred agents are low-volatile plasticizers whose weight is not 
reduced by heating, and they include, but not particularly limited to, adipic acid derivatives, phthalic acid derivatives, 
glutaric acid derivatives, trimellitic acid derivatives, pyromellitic acid derivatives, polyester-based plasticizers, glycerin 
derivatives, and epoxy derivative polyester polymer plasticizers; polyether-based polymer plasticizers, vinyl polymers 

so prepared by polymerizing vinyl monomers, such as acrylic plasticizers, hydroxybenzoates, benzenesulfonic acid alky- 
lamides, and toluenesulfonic acid alkylamides, and other macromolecular plasticizers. For example, if a polyamide resin 
is used as the thermoplastic resin (G), phthalic acid derivatives, hydroxybenzoates, benzenesulfonic acid alkylamides, 
and toluenesulfonic acid alkylamides are preferably used from the viewpoint of controlling the flexibility and hardness 
of the resulting thermoplastic elastomer and of the oil resistance and the heat resistance. 

55 [01 28] The above-enumerated softening agents may be used singly or in combination. Preferably, the softening agent 
(D) content is preferably in the range of 1 to 300 parts by weight, more preferably in the range of 1 to 200 parts by weight, 
and still more preferably in the range of 5 to 1 00 parts by weight relative to 100 parts by weight of the (meth) acrylic 
block copolymer (A) . A content of more than 300 parts by weight may degrade the heat resistance or mechanical strength 
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of the resulting thermoplastic elastomer. 

Se tan^aS^ If ° merC f mP ° S " i0n ° f 1,16 PreSent inVenti ° n may further contain a stabilizer - ■ '"brtcant. 

P 9 1 6r ' 3 rein,orcer - a teckifier and » forth if necessary, in addition to the (meth)acrylic block 
copolymer (A), the compound (B) containing at least two amino groups in its molecule, the thermoplastic S 2 

HHSSS "T (D> • M ° re SpedfiCa,ly - ^ aMmes inc,ude stabilizere - such as lindwd phenoSnSSTe 
L diZZSHf \ ,Ubr ! C r te - such « Polyethylene wax. polypropylene wax. and montan w'ax; fire JSE£ ch 
filled 7Ti ^ ^ decabromobi P he "y' "then pigments, such as titanium oxide, zinc sulfide, and zinc oxide 
andTaLLT T' SU " ^ ^ ^ 9iaSS fiber ' asbestos ' «o«astonite. mica. talc, calcium carbZS 
Z Ixamr ' SSET T° ne indene r reSin - Phe " 0 ' reSin ' ter P ene resin, petroleum hydrocZns 

Z*<S1*T^ ^ a " CyC ' iC h y drocarbo " resi "' and -saturated hydrocarbon resin), polybutene, 

[0130] Furthermore, various types of graft polymers or block powers may be added as a compatibilizer to further 
enhance the compat.bility between the (meth) acryfic block copolymer (A) and the thermoplastic rSr^eTdalh, 
TT indUde Krat ° n ^ * She " ^n), Tuftec Senes (produced ^STSS 

KuimvT Mn2 na ?p ^ JSR) ' ^ 0friend (p,DdUCed ^ Daice, Chemical Industries). Septon (p^ucSiy 

sZ^ C^ST^ N ° F C °* 0ration >' Rex Paari (produced by Japan polyolefins). Bonlst P roduSd bj 
Sumitomo Chem^l), Bond.ne (produced by Sumitomo Chemical). Admer (produced by Mitsui Chemicals) vZnZ 
(produced by Sanyo Chemica. Industries). VMX (produced by Mitsubishi Chemical), MoJi P ef(ProoS K NOP Cor 
poraton) Staphy.oid (produced by Takeda Pharmaceutical Co..Ltd.). Kane Ace (product; b ^KaneS ^nd Rezeta 

^xzTi^sxr is se,ected f ™ * L 

<Process for preparing the thermoplastic elastomer composition> 

25 iomrl! ci tiIi e i iemlOPla !^ f ' aSt0mef com P° sition of the Prase* invention is produced by substantial reaction of a 
composrhon compnsmg the (meth)acrylic block copolymer (A) and the thermoplastic resin (C) with the co^oound ^ 
conta.n.ng at least two amino groups in its molecule. It is not particularly limited, but prefenTJ ihe c3und B 
1 TLt^ 9r0UPS in te m ° ,eCU,e ,S added(dynamba.ly y vu,canized) to ££5£ZE£ ng 

30 £™ !° aC ,' y " C ^ lock c °Po^ar (A) and the thermoplastic resin (C) white the composition is mefi kneaded a hS 

fiZS^^^ 

rulers, reinforcers. and tackifiers. are added if necessary 

EI^Ln Va , ri ° US ^ PeS ° f ma ° hine Capable ° f heatin9 and heading atone time can be used as the kneaderfororeoarina 

E nSfSf" eXan L P,e - 3 BanbUfy miXer - 3 and a or muW scre « axtruder that 

.n rubber process.ng may be used. Furthermore, the composition may be subjected to forming with a presSnq macWne 

o rs n -cTr * r essa,y - 11,6 kneadin9 temperature * the p-ss^sss 

or i oo to 300 C, more preferably in the range of 1 50 to 250°C. 
Best Mode for Carrying Out the Invention 

7 to"? Thepresentinventi ^ 

examples. 

<Test process> 
50 (Molecular weight) 

GPC^ a l!^r C j£ r Sh0Wn the eXamp,eS W6re *«ennined in terms of polystyrene by GPC with the following 

SSfm b0 ^ane column using chloroform as the eluent. The GPC was performed with a GPC analyzer 

55 * T Prt>dUCed by Wate,S ' C0,Umn: Shodex K - 804 (PoVstyrene gel) produced ^0^ Denko) 

« Chlomform was used as the eluent. and molecules were determined in teirns of polystyrene * ' 
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(Analysis of acid anhydride group conversion) 

[01 36] The conversion to the acid anhydride group of the acrylic block copolymer was confirmed by infrared spectros- 
copy (FTIR-81 00 produced by Shimadzu Corporation) and nuclear magnetic resonance analysis (AM400 produced by 
s BRUKER). Deuterochloroform was used as the solvent for the nuclear magnetic resonance analysis. 

(Hardness) 

[0137] Hardness (JIS A or JIS D) at 23°C was measured in accordance with JIS K 6301 

10 

(Mechanical strength) 

[0138] Mechanical strength was measured with an autograph AG -10TB produced by Shimadzu Corporation in ac- 
cordance with JIS K 71.13. The measurement was performed with n = 3, and strength (MPa) at break, elongation (%)at 
15 break, and elastic modulus (MPa) were averaged. The test pieces were in the form of No. 2 (1/3) with a thickness. of 
about 2 mm. The test was performed at 23°C, at a test speed of 500 mm/min. The test pieces had been conditioned at 
a temperature of 23 ± 2°C and a relative humidity of 50 ± 5% for 48 hours before the test. 

(Oil resistance) 

[0139] The molding specimen of the composition was immersed .in ASTM oil No. 3 maintained at 150°C for 72 hours, 
and thus the change in weight was measured in accordance with ASTM D638. The appearance after the test was visually 
evaluated by comparing the shapes before and after the test. Samples whose shape was maintained were determined 
to be good; and deformed samples, bad. 

25 ....... • - •• . / ■ ■• 

(Heat resistance) 

[0140] Flow beginning temperatures were compared. Flow beginning temperature was defined as the temperature 
(represented by Tfb in this measurement) at which the resin extrusion piston obviously started falling when the resin 
30 heated at a temperature rise rate of 5°C/min with a flow tester CFT-500C, produced by Shimadzu Corporation, was 
extruded from a nozzle having an inner dameter of 1 mm and a length of 10 mm at a load of 60 kgf/cm 2 ., 

(Insoluble content (percent by weight)) 

35 [0141] For the insoluble content (percent by weight), 1 g of a sample (Wu) wrapped with a 100-mesruwire sheet was 
immersed in toluene of 60 tt C or acetone of 50°C for 24 hours. After the constituents soluble in the solvent were separated, 
the residue was vacuum-dried at 60°C and the weight (Wc, g) after drying was measured. The isolation content was 
obtained from the ratio of the residue weight (Wc) to 1 g of the sample (Wu). The insoluble content (percent by weight) 
shows reaction progress. - ■• 

40 . • ... , . , . 

Preparation Example 1 • . . 

[0142] Synthesis of (MMA-co-TBMA)-b-BA-b-(MMA-co-TBMA) acrylic block copolymer (hereinafter expressed by 
20TBA7), wherein MMA/TBMA =;80/20 mol% and BA/(MMA-co-TBMA) = 70/30 wt% 

4 5 [0143] In a polymerization vessel being a, 5L separable flask whose inside air was replaced with nitrogen, 11: 3 g 
(78.5mmol) of copper bromide was placed, and 1 80 mL of acetonitriie (bubbled with nitrogen) was added. After heating 
and stirring at 70°C for,30 minutes, added were 5.65 g (15.7 mmol) of initiator diethyl 2,5-dibrompadipate and 900 mL 
(6.28 mol) of BA. The materials were, heated, and stirred at 85°C, and 1 .64 mL (7.85 mmol) of ligarid diethylenetriamine 
was added to start polymerization. 

so [0144] From the polymerization solution, about 0.2 mL of sample solution was taken out at constant time intervals, 
and the sample solutions were subjected to gas chromatography to determine the conversion rate of the BA. The 
polymerization speed was controlled by appropriately adding triamine. When the conversion rate of the BA reached 
95%, added were 151.9 mL (0.94 mol) of TBMA, 400.9 mL (3.77 mol) of MM A, 7.77 g (78.5 mmol) of copper chloride, 
1.64 mL (7.85 mmol) of diethylenetriamine, and 1093 mL of toluene (bubbled with nitrogen). The conversion rates of 

55 the TBMA and the M MA were determined in the same manner. When the conversion rates of the TBMA and the MMA 
reached 70% and 64% respectively, 1500 mL of , toluene was added, and the reactor was cooled in a water bath to 
terminate the reaction. . ..• 

[0145]. The reacted solution was diluted with 2.0 L of toluene, and 17.9 g of p-toluenesulfonic acid monohydrate was 
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added, followed by stirring at room temperature for 3 hours. To the polymer solution, 12.0 g of adsorbent Kyowaad 
500SH (produced by Kyowa Chemical Industry) was added and stirred at room temperature for another 3 hours. The 
adsorbent was filtered with a Kiriyama funnel to yield a transparent and colorless polymer solution. The solution was 
dried to remove the solvents and residual monomers to yield a targeted acrylic block copolymer 20TBA7. 
[0146] The resulting acrylic block copolymer 20TBA7 was subjected to GPC analysis to obtain a number average 
molecular weight Mn of 1 22,858 and a molecular weight distribution Mw/Mn of 1 .46. Preparation Example 2 

Synthesis of (MMA-co-TBMA)-b-(BA-co-EA^o-MEA)-b-(MMAK»-TBMA) acrylic block copolymer (hereinafter ex- 
pressed by 20T3A7), wherein MMA/TBMA = 80/20 mol% and (BA«co-EA-co-MEA)/(MMA^co-TBMA) = 70/30 wt%. 

[01 47] In a polymerization vessel being a 5L separable flask whose inside air was replaced with nitrogen, 11 . 7g (81 .9 
mmol) of copper bromide was placed, and 1 80 mL of acetonitrile (bubbled with nitrogen) was added. After heating and 
stirnng at 70°C for 30 minutes, added were 5.89g (1 6.4 mmol) of initiator diethyl 2,5-dibromoadipate and 362 mL (252 
mol) of BA, 344 mL (3.1 7 mol) of EA, and 1 95 mL (1 .51 mol) of MEA. The materials were heated and stirred at 85°C, 
and 1.71 mL (8.2 mmol) of ligand diethyienetriamine was added to start polymerization. When the conversion rates of 
the BA, the EA, and the MEA reached 95%, 95%, and 97% respectively, added were 158 mL (0.98 mo!) of TBMA and 
41 8 mL (3.92 mol) of MMA. When the conversion rates of the TBMA and the MMA reached 64% and 59% respectively 
the reaction was terminated. The other process steps were conducted as in Preparation Example 1 and, thus the 
targeted acrylic block copolymer 20T3A7 was yielded. 

[0148] The resulting acrylic block copolymer 20T3A7 was subjected to GPC analysis to obtain a number average 
molecular weight Mn of 1 1 1 ,000 and a molecular weight distribution Mw/Mn of 1 .47. Preparation Example 3 
[0149] Synthesis of (MMA-co-TBMA)-b-BA-b-(MMA-co-TBMA) acrylic block copolymer (hereinafter expressed by 
5TBA7), wherein MMA/TBMA = 95/5 mol% and BA/(MMA-co-TBMA) = 70/30 wt% 

[01 50] In a polymerization vessel being a 5L separable flask whose inside air was replaced with nitrogen, 6.93g (48.3 
mmol) of copper bromide was placed and 1 80 mL of acetonitrile (bubbled with nitrogen) was added. After heating and 
stirnng at 70°C for 30 minutes, added were 5.80 g ( 1 6. 1 mmol) of initiator diethyl 2,5-dibromoadipate and 900 mL (6 28 
mol) of BA. The materials were heated and stirred at 85°C, and 1.68 mL (8.0 mmol) of ligand diethyienetriamine was 
added to start polymerization. When the conversion rate of the BA reached 95%, added were 40.9 mL (0.252 mol) of 
TBMA and 512.7 mL (4.79 mol) of MMA. When the conversion rates of the TBMA and the MMA reached 60% and 57% 
respectively, the reaction was terminated. The other process steps were conducted as in Preparation Example 1 and 
thus, the targeted acrylic block copolymer 5TBA7 was yielded. 

[0151] The resulting acrylic block copolymer 5TBA7 was subjected to GPC analysis to obtain a number average 
molecular weight Mn of 1 07,300 and a molecular weight distribution Mw/Mn of 1 .58. Preparation Example 4 

Synthesis of (MMA-co-TBMA)-b-(BA-co-EA^o-MEA)-b-(MMA-co-TBMA) acrylic block copolymer, wherein MMA/TBMA 
= 95/5 mol% and (BA-CO-EA-CO-MEA)/(MMA-CO-TBMA) = 70/30 wt%) 

[01 52] In a polymerization vessel being a 5L separable flask whose inside air was replaced with nitrogen, 1 2.0g (83.8 
mmol) of copper bromide was placed and 1 80 mL of acetonitrile (bubbled with nitrogen) was added. After heating and 
stirnng at 70°C for 30 minutes, added were 6.04g (1 6.8 mmol) of initiator diethyl 2,5-dibromoadipate, 362 mL (2 52 mol) 
of BA, 344 mL (3.17 mol) of EA, and 195 mL (1.51 mol) of MEA. The materials were heated and stirred at 85°C, and 
1.75 mL (8.4 mmol) of ligand diethyienetriamine was added to start polymerization. When the conversion rates of the 
BA, the EA, and the MEA reached 95%, 95%, and 97% respectively, added were 42.5 mL (0.262 mol) of TBMA and 
534 mL (5.02 mol) of MMA. When the conversion rates of the TBMA and the MMA reached 63% and 58% respectively 
the reaction was terminated. The other process steps were conducted as in Preparation Example 1 and, thus the 
targeted acrylic block copolymer 5T3A7 was yielded. 
[0153] The resulting acrylic block copolymer 5T3A7 was subjected to GPC analysis to obtain a number average 
molecular weight Mn of 1 24000 and a molecular weight distribution Mw/Mn of 1 .45. 

50 Preparation Example 5 

Synthesis of MMA-b-(BA-co-TBA)-b-MMA acrylic block copolymer (hereinafter expressed by 2.5STBA7) wherein 
BA/TBA = 97.5/2.5 mor% and ( B A-co-TB A)/M MA = 70/30 wt%. 

55 [01 54] In a polymerization vessel being a 5L separable flask whose inside air was replaced with nitrogen, 1 1 . 3 g (78 4 
mmol) of copper bromide was placed and 180 mL of acetonitrile (bubbled with nitrogen) was added. After heating and 
stirnng at 70°C for 30 minutes, added were 5.65g (1 5.7 mmol) of initiator diethyl 2,5-dibromoadipate, 877 mL (6.1 2 mol) 
of BA, and 22.9 mL(0.16 mol) of TBA. The materials were heated and stirred at 85°C, and 1 . 64 mL (7.8 mmol) of ligand 
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diethylenetriamine was added to start polymerization. When the conversion rates of the BA and the TBA reached 95% 
and 100% respectively, 369 mL (3.45 mol) of MM A was added. When the conversion rate of the MMA reached 64%, 
the reaction was terminated. The other process steps were conducted as in Preparation Example 1 and, thus, the 
targeted acrylic block copolymer 2.5STBA7 was yielded. 
5 [0155] The resulting acrylic block copolymer 2.5STBA7 was subjected to GPC analysis to obtain a number average 
molecular weight Mn of 97,900 and a molecular weight distribution Mw/Mn of 1 .44. 

Preparation Example 6 

10 Synthesisof(TBMA)-b-(BA^o-EAKX>-MEA)4>(TBMA) 
(BA-CO-EA-CO-MEA)/(TBMA) - 97.1/2.9 wt% 

[01 56] In a polymerization vessel being a 5L separable flask whose inside air was replaced with nitrogen, 6.35g (44. 
3 mmoi) of copper bromide was placed and 1 40 mL of acetonitrile (bubbled with nitrogen) was added. After heating and 
15 stirring at 70°C for 30 minutes, added were 5.31 g (14.B mmo!) of initiator diethyl 2,5-dibromoadipate, 281 mL (1 .96 mol) 
of BA, 267 mL (2.47 mol) of EA, and 151 mL (1.18 mol) of ME A. The materials were heated and stirred at 85°C, and 
1 .54 mL (7.38 mmol) of ligand diethylenetriamine was added to start polymerization. 

[01 57] When the conversion rate of the BA reached 87%, 29.8 mL (0.18 mol) of TBMA was added. When the conversion 
rates of the BA and the TBMA reached 95% and 70% respectively, 1.0 L of toluene was added, and the reactor was 
20 cooled in a water bath to terminate the reaction. The other process steps were conducted as in Preparation Example 1 
and, thus, the targeted acrylic block copolymer T3A was yielded. The resulting acrylic block copolymerT3A was subjected 
to GPC analysis to obtain a number average molecular weight Mn of 54, 000 and a molecular weight distribution Mw/Mn 
of 1.24. 

25 Preparation Example 7 

Synthesis of TBA-b-BA-b-TBA acrylic block copolymer (hereinafter expressed by TBA), wherein BA/TBA = 94.7/5.3 wt% 

[0158] In a polymerization vessel being a 2L separable flask whose inside air was replaced with nitrogen, added were 
30 3.34g (23.3 mmol) of copper bromide was placed and 50 mL of acetonitrile (bubbled with nitrogen) . After heating and 
stirring at 70°C for 30 minutes, added were 7.00g (1 9.4 mmol) of initiator diethyl 2,5-dibromoadipate and 500 mL (3.49 
mol) of BA. The materials were heated and stirred at 75°C, and 0. 1 6 mL (0.8 mmol) of ligand diethylenetriamine was 
added to start polymerizationJ When the conversion rate'of the BA reached 87%, 42.3 mL (0.29 mol) of TBA was added. 
When the conversion rates of the BA and the TBA reached 95% and 62% respectively, 1.0 L of toluene was added, and 
35 the reactor was cooled in a water bath to terminate the reaction. 

[0159] The reacted solution was diluted with 1 .0 L of toluene, and 2.2g of p-toluenesulfonic acid monohydrate was 
added, followed by stirring at room temperature for 3 hours. To the polymer solution, 4.8g of adsorbent Kyowaad 500SH 
(produced by Kyowa Chemical Industry) was added and stirred at room temperature for another 3 hours. The adsorbent 
was filtered with Kiriyama funnel to yield a transparent and colorless polymer solution. The solution was dried to remove 
40 the solvents and residual monomers to yield a targeted acrylic block copolymer TBA. 

k [0160] The resulting acrylic block copolymer TBA was subjected to GPC analysis to obtain a number average molecular 
weight Mn of 26, 1 00 and a molecular weight distribution Mw/Mn of 1 .1 2. 



45 



Preparation Example 8 

Synthesis of MMA-b-(BA-co-TBA)-b-M MA acrylic block copolymer (hereinafter expressed by 2STBA8.5), wherein 
BA/TBA = 97.9/2.1 mol% and ( B A-co-TB A)/M MA = 85/1 5 wt%. 

[0161] In a polymerization vessel being a 5L separable flask whose inside air was replaced with nitrogen, 7.29g (50.8 
50 mmol) of copper bromide was placed and 140 mL of acetonitrile (bubbled with nitrogen) was added. After heating and 
stirring at 70°C for 30 minutes, added were 3.66g (.1 0.2 mmol) of initiator diethyl 2,5-dibromoadipate, 685 mL (4.78 mol) 
of BA, and 1 5.0 mL (0. 1 0 mol) of TBA. The materials were heated and stirred at 85°C f and 1 . 06 mL (5. 1 mmol) of ligand 
diethylenetriamine was added to start polymerization. When the conversion rates of the BA and. the TBA reached 96% 
and 100% respectively, 176 mL (1.65 mol) of MMA was added. When the conversion rate of the MMA reached 58%, 
55 the reaction was terminated. The other process steps were conducted as in Preparation Example 1 and, thus, the 
targeted acrylic block copolymer 2STBA8.5 was yielded, 

[0162] The resulting acrylic block copolymer 2STBA7 was subjected to GPC analysis to obtain a number average 
molecular weight Mn of 1 1 1 ,500 and a molecular weight distribution Mw/Mn of 1 .29. Preparation Example 9 
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Synthesis of M MA-b-TBA-b-BA-b-TBA-b-MMA acrylic block copolymer (hereinafter expressed by 2.5TBAT7) wherein 
BA/TBA = 97.5/2.5 mo1%, (TBA-b-BA-b-TBA)/MMA = 70/30 wt%. 

[01 63] In a polymerization vessel being a 5L separable flask whose inside air was replaced with nitrogen 7 50g (52 3 
5 mmol) of copper bromide was placed and 1 20 mL of acetonitrile (bubbled with nitrogen) was added. After heating and 
stirnng at 70°C for 30 minutes, added were 3.77g (1 0.5 mmol) of initiator diethyl 2,5-dibromoadipate and 585 mL (4 08 
mol) of BA. The materials were heated and stirred at 85«C, and 1.09 mL (5.2 mmol) of ligand diethylenetriamine was 
added to start polymerization. When the conversion rate of the BA reached 85%, 15.3 mL (0. 1 0 mol) of TBA was added 
When the conversion rates of the BA and the TBA reached 98% and 88% respectively, 367 mL (3.43 mol) of MMA was 
'» added. When the conversion rate of the MMA reached 63%, the reaction was terminated. The other process steps were 
conducted as in Preparation Example 1 and, thus, the targeted acrylic block copolymer 2.5TBAT8.5 was yielded The 
resulting acrylic block copolymer 2.5TBAT7 was subjected to GPC analysis to obtain a number average molecular weight 
Mn of 1 1 3,500 and a molecular weight distribution Mw/Mn of 1 .32. 

'5 Preparation Example 10 

Synthesis of MMA-b-BA-b-MMA block copolymer (hereinafter expressed by MBAM), wherein B A/MM A = 7Q/30wt% 

[0164] In a polymerization vessel being a 5L separable flask whose inside air was replaced with nitrogen 11 3g(785 
2" mmol) of copper bromide was placed, and 1 80 mL of acetonitrile (dried with a molecular sieve and then bubbled with 
nitrogen) was added. After heating and stirring at 70°C for5 minutes, the reaction system was cooled to room temperature 
again. Then, added were 5.7g (15.7 mmol) of initiator diethyl 2,5-dibromoadipate and 804.6 g (900 0 mL) of n-butyl 
acrylate. The matenals were heated and stirred at 80°C, and 1 .6 mL (7.9 mmol) of ligand diethylenetriamine was added 
to start polymerization. From the polymerization solution, about 0.2 mL of sample solution was taken out at constant 
time intervals, and the sample solutions were subjected to gas chromatography to determine the conversion rate of the 
butyl acrylate. The polymerization speed was controlled by appropriately adding triamine. When the conversion rate of 
the n-butyl acrylate reached 95%, added were 345.7 g (369.3 mL) of methyl methacrylate. 7.8 g (78.5 mmol) of copper 
chloride, 1.6 mL (7.9 mmol) of diethylenetriamine, and 1 107.9 mL of toluene (dried with a molecular sieve and then 
bubbled with nitrogen). The conversion rate of the methyl methacrylate was determined in the same manner. When the 
conversion rates of the methyl methacrylate and the n-butyl acrylate reached 85% and 98% respectively 1 500 mL of 
toluene was added, and the reactor was cooled in a water bath to terminate the reaction. The polymer solution was 
constantly green dunng reaction. The reacted solution was diluted with 4000 mL of toluene, and 22.1 g of p-toluenesulf onic 
acid monohydrate was added, followed by stirring at room temperature for 3 hours. After the precipitated insoluble 
content was removed by filtration with a Kiriyama funnel, 9.7 g of adsorbent Kyowaad 500SH was added to the polymer 
solution, followed by stirring at room temperature for another 3 hours . The adsorbent was filtered with Kiriyama funnel 
to yield a transparent and colorless polymer solution. The solution was dried to remove the solvents and residual 
monomers to yield a targeted MBAM. The resulting MBAM was subjected to GPC analysis to obtain a number average 
molecular weight Mn of 1 19,200 and a molecular weight distribution Mw/Mn of 1.51. According to composition analysis 
by NMR, BA/MMA was 72/28 (percent by weight) 

to 

* Example 1 

[01 65] In a laboplastomill (produced by Toyo Seiki) set at 240-C, 45 g of the acrylic block copolymer 20TBA7 prepared 
in Preparation Example 1 and 0.23 g of Irganox 1010 (produced by Ciba-Geigy) were melt-kneaded at 1 00 rpm for 20 
m.nutes to yield a targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was 
expressed by 20ANBA7) . The conversion of the portion of t-butyl ester to the acid anhydride group was confirmed by 
IR (infrared absorption spectrum) and i3c. NMR (nucJear magnetjc resonance spectrum). More specifically in IR an 
absorption spectrum derived from the acid anhydride group was observed at 1800 cnV after the conversion In '3C- 
NMR. a signal at 82 ppm, which is provided by the quaternary carbon of t-butyl group, and a signal at 28 ppm which is 
provided by the carbon of the methyl, were disappeared after the conversion. The resulting 20ANBA7. polyamide PA 
(UBE Nylon 3012U. produced by Ube Industries), and Irganox 1010 (produced by Ciba-Geigy) were melt-kneaded in 
the proportions shown in Table 1 using a laboplastomill (produced by Toyo Seiki) set at 1 90°C. Furthermore, hexame- 
thylenediam.ne (produced by Tokyo Kasei Kogyo) was added in the proportion shown in Table 1 and melt-kneaded 
and, thus, the reaction (dynamic vulcanization) was promoted. The resulting sample was subjected to hot press molding 
at 1 90°C to form a cylindrical molding sample with a diameter of 30 mm and a thickness of 12 mm. The hardness of the 
molding sample was measured. Also, the resulting sample was subjected to hot press molding at 230»C in the same 
manner to form a sheet with a thickness of 2 mm. The sheet was subjected to measurements of the oil resistance and 
the insoluble content 
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Example 2 

[0166] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by 20AN3A7) was produced from the acrylic block copolymer 20T3A7 prepared in Preparation Example 2 in the same 

5 manner as in Example 1 . The resulting 20AN3A7, polyamide PA (UBE Nylon 3024U, produced by Ube Industries), and 
Irganox 1010 (produced by Ciba-Geigy) were meltrkneaded in the proportions shown in Table 1 using a laboplastomill 
(produced by Toyo Seiki) set at 190°C. Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo) was 
added in the proportion shown in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was pro- 
moted. The resulting sample was subjected to hot press molding at 1 90°C to form a cylindrical molding sample with a 

io diameter of 30 mm and a thickness of 12 mm. The hardness of the molding sample was measured. Also, the resulting 
sample was subjected to hot press molding at 1 90°C in the same manner to form a sheet with a thickness of 2 mm. The 
sheet was subjected to measurements of the oil resistance and the insoluble content. 

Example 3 

15 - ; . " . ... .. . t ...... 

[0167] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by 5ANBA7) was produced from the acrylic block copolymer 5TBA7 prepared. in Preparation Example 3 in the same 
manner as in Example t. Theresulting 5ANBA7, polyamide PA (UBE Nylon 3012U, produced by Ube Industries), and 
Irganox 1010 (produced by Ciba-Geigy) were melt-kneaded in the proportions shown in Table 1 using a laboplastomill 

20 (produced by Toyo Seiki) set at 21 0°C. 

[0168] Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo) was added in the proportion shown 
in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was promoted. The resulting sample was 
subjected to hot press molding at 21 0°C to form a cylindrical molding sample with a diameter of 30 mm and a thickness 
of 12 mm. The hardness of the molding sample was measured. Also, the resulting sample was subjected to hot press 

25 molding at 21 0°C in the same manner to form a sheet with a thickness of 2 mm. The sheet was subjected to measurements 
of the oil resistance and the insoluble content 



Example 4 v 

30 [01 1 69] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by 5AN3A7) was produced from the acrylic block copolymer 5T3A7 prepared in Preparation Example 4 in the same 
manner as in Example 1. The resulting 5AN3A7, polyamide PA (UBE Nylon 3012U, produced by Ube Industries); and 
Irganox 1 01 0 (produced by Ciba-Geigy) were melt-kneaded in the proportions shown in^Table 1 using a laboplastomill 
(produced by Toyo Seiki) set at 210°C. Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo) was 

35 added in the proportion shown in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was pro- 
moted. The resulting sample was subjected to hot press molding at 21 0°C to form a cylindrical molding sample with a 
diameter of 30 mm and a thickness of 12 mm. The hardness of the molding sample was measured. Also, the resulting 
sample was subjected to hot press molding at 21 0°C in the same manner to form a sheet with a thickness of 2 mm. The 
sheet was subjected to measurements of the oil resistance and the insoluble content. 

40 ' 
f, Example 5 .. 

[0170] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by 2.5SANBA7) was produced from the acrylic block copolymer 2. 5STBA7 prepared in Preparation Example 5 in the 
45 ■ sarne manner as in Example 1 . "The resulting 2.5SANBA7, polyamide PA (UBENylon 301 2U, produced by Ube Industries), 
and Irganox 101 0 (produced by Ciba-Geigy) were mertrkneaded in the proportions shown in Table 1 using a laboplastomill 
(produced by Toyo Seiki) set at 220°C. 

[0171] Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo): was added in the proportion shown 
in Table 1 and meltrkneaded, and, thus, thereaction (dynamic vulcanization) was promoted. The resulting sample was 
50 subjected to hot press molding at 220°C to form a cylindrical molding sample with a diameter of 30 mm and a thickness 
of 12 mm. The hardness of the molding sample was measured. Also, the resulting sample was subjected to hot press 
molding at 220°C in the same manner to form a sheet with a thickness of 2 mm. The sheet was subjected to measurements 
of the oil resistance and the insoluble content 

55 Example 6 , 1 

[0172] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by AN3A) was produced from the acrylic block copolymer T3A prepared in Preparation Example 6 in the same manner 
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as in Example 1. The resulting AN3A, polyamide PA (UBE Nylon 3024U, produced by Ube Industries), and Irganox 1010 
(produced by Ciba-Geigy) were melt-kneaded in the proportions shown in Table 1 using a labopiastornill (produced by 
Toyo Seiki) set at 220 W C. Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo) was added in the 
proportion shown in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was promoted. The 
s resulting sample was subjected to hot press molding at 220°C to form a cylindrical molding sample with a diameter of 
30 mm and a thickness of 12 mm. The hardness of the molding sample was measured. Also, the resulting sample was 
subjected to hot press molding at 220°C in the same manner to form a sheet with a thickness of 2 mm. The sheet was 
subjected to measurements of the oil resistance and the insoluble content. 

10 Example 7 

[01 73] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by 20ANBA7) was produced from the acrylic block copolymer 20TBA7 prepared in Preparation Example 1 in the same 
manner as in Example 1. The resulting 20ANBA7, polyester PBT (Duranex FP300, produced by WinTech Polymer), 
and Irganox 101 0 (produced by Ciba-Geigy) were melt-kneaded in the proportions shown in Table 1 using a labopiastornill 
(produced by Toyo Seiki) set at 240°C. Furthermore, 1 ,1 2-diaminododecane (produced by Tokyo Kasei Kogyo) was 
added in the proportion shown in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was pro- 
moted. The resulting sample was subjected to hot press molding at 240°C to form a cylindrical molding sample with a 
diameter of 30 mm and a thickness of 1 2 mm. The hardness of the molding sample was measured. Also, the resulting 
sample was subjected to hot press molding at 240°C in the same manner to form a sheet with a thickness of 2 mm. The 
sheet was subjected to measurements of the oil resistance and the insoluble content. 
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Example 8 



[01 74] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by 5AN3A7) was produced from the acrylic block copolymer 5T3A7 prepared in Preparation Example 4 in the same 
manner as in Example 1. The resulting 5AN3A7, a ester elastomer (Pelprene P46D, produced by Toyobo), and Irganox 
1010 (produced by Ciba-Geigy) were melt-kneaded in the proportions shown in Table 1 using a labopiastornill (produced 
by Toyo Seiki) set at 240°C. 

30 [0175] Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo) was added in the proportion shown 
in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was promoted. The resulting sample was 
subjected to hot press molding at 240°C to form a cylindrical molding sample with a diameter of 30 mm and a thickness 
of 12 mm. The hardness of the molding sample was measured. Also, the resulting sample was subjected to hot press 
molding at 240°C in the same manner to form a sheet with a thickness of 2 mm. The sheet was subjected to measurements 

35 of the oil resistance and the insoluble content. 

Example 9 

[0176] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
«> by 2.5SANBA7) was produced from the acrylic block copolymer 2.5STBA7 prepared in Preparation Example 5 in the 
n same manneras in Example 1 . The resulting 2.5SANBA7, polyamide PA (UBE Nylon 301 2U, produced by Ube Industries), 
and Irganox 1010 (produced by Ciba-Geigy) were melt-kneaded in the proportions shown in Table 1 using a labopiastornill 
(produced by Toyo Seiki) set at 220°C. Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo) was 
added in the proportion shown in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was pro- 
<s moted. TTien, Sanso Cizer N-400 (produced by New Japan Chemical) was added and melt-kneaded in the proportion 
shown in Table 1. The resulting sample was subj ected to hot press molding at 220°C to form a cylindrical molding 
sample with a diameter of 30 mm and a thickness of 12 mm. The hardness of the molding sample was measured. Also, 
the resulting sample was subjected to hot press molding at 220°C in the same manner to form a sheet with a thickness 
of 2 mm. The sheet was subjected to measurements of the oil resistance. and the insoluble content 



Example 10 



[0177] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by ANBA) was produced from the acrylic block copolymer TBA prepared in Preparation Example 7 in the same manner 
as in Example 1. The resulting ANBA, polyamide PA (UBE Nylon 301 2U, produced by Ube Industries), and Irganox 
1010 (produced by Ciba-Geigy) were melt-kneaded in the proportions shown in Table 1 using a labopiastornill (produced 
by Toyo Seiki) set at 190°C. 

[0178] Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo) was added in the proportion shown 
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in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was promoted. The resulting sample was 
subjected to hot press molding at 1 90°C to form a cylindrical molding sample with a diameter of 30 mm and a thickness 
of 12 mm. The hardness of the molding sample was measured. Also, the resulting sample was subjected to hot press 
molding at 1 90°C in the same manner to form a sheet with a thickness of 2 mm. The sheet was subjected to measurements 
of the oil resistance and the insoluble content 

Example 11 

[01 79] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by 2SANBA8 .5) was produced from the acrylic block copolymer 2STBA8 . 5 prepared in Preparation Example 8 in the 
same manner as in Example 1 . The resulting 2S AN BA8. 5, polyamide PA (UBE Nylon 301 2U, produced by Ube Industries), 
and Irganox 1010 (produced by Ciba-Geigy) were melt-kneaded in the proportions shown in Table 1 using a laboplastomill 
(produced by Toyo Seiki) set at 190°C. 

[0180] Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo) was added in the proportion shown 
in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was promoted. The resulting sample was 
subjected to hot press molding at 190°C to form a cylindrical molding sample with a diameter of 30 mm and a thickness 
of 12 mm. The hardness of the molding sample was measured. Also, the resulting sample was subjected to hot press 
molding at 1 90°C in the same manner to form a sheet with a thickness of 2 mm. The sheet was subjected to measurements 
of the oil resistance and the insoluble content. 

Example 12 

[0181] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by 2.5ANBAAN7) was produced from the acrylic block copolymer 2.5TBAT7 prepared in Preparation Example 9 in the 
same manner as in Example 1. The resulting 2.5ANBAAN7, polyamide PA (UBE Nylon 301 2U, produced by Ube In- 
dustries), and Irganox 1010 (produced by Ciba-Geigy) were melt-kneaded in the proportions shown in Table 1 using a 
laboplastomill (produced by Toyo Seiki) set at 190°C. Furthermore, hexamethylenediamine (produced by Tokyo Kasei 
Kogyo) was added in the proportion shown in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) 
was promoted. The resulting sample was subj ected to hot press molding at 1 90°C to form a cylindrical molding sample 
with a diameter of 30 mm and a thickness of 12 mm. The hardness of the molding sample was measured. Also, the 
resulting sample was subjected to hot press molding at 1 90°C in the same manner to form a sheet with a thickness of 
2 mm. The sheet was subjected to measurements of the oil resistance and the insoluble content 

Example 13 

[0182] A targeted acrylic block copolymer containing the acid anhydride group (the resulting polymer was expressed 
by 2.5SANBA7) was produced from the acrylic block copolymer 2.5TBAT7 prepared in Preparation Example 5 in the 
same manneras in Example 1 . The resulting 2.5SANBA7, polyamide PA (UB E Nylon 7024B, produced by Ube Industries), 
and Irganox 1010 (produced by Ciba-Geigy) were melt-kneaded in the proportions shown in Table 1 using a laboplastomill 
(produced by Toyo Seiki) set at 220°C. 

[0183] Furthermore, hexamethylenediamine (produced by Tokyo Kasei Kogyo) was added in the proportion shown 
in Table 1 and melt-kneaded, and, thus, the reaction (dynamic vulcanization) was promoted. The resulting sample was 
subjected to hot press molding at 220°C to form a cylindrical molding sample with a diameter of 30 mm and a thickness 
of 12 mm. The hardness of the molding sample was measured. Also, the resulting sample was subjected to hot press 
molding at 220°C in the same manner to form a sheet with a thickness of 2 mm. The sheet was subjected to measurements 
of the oil resistance and the insoluble content. 

Comparative Example 1 

[0184] MBAM prepared in Preparation Example 10 and Irganox 1010 (produced by Ciba-Geigy) were melt-kneaded 
in the proportions shown in Table 1 using a laboplastomill (produced by Toyo Seiki) set at 1 90°C at a screw revolution 
of 50 rpm, and thus a sample was prepared. The resulting sample was subjected to hot press molding at 1 90°C to form 
a cylindrical molding sample with a diameter of 30 mm and a thickness of 1 2 mm. The hardness of the molding sample 
was measured. Also, the resulting sample was subjected to hot press molding at 190°C in the same manner to form a 
sheet with a thickness of 2 mm. The sheet was subjected to measurements of the oil resistance and the insoluble content. 
MBAM by itself has insufficient oil resistance and heat resistance. 
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Comparative Example 2 



^ 8 .™„ M v B ^n P / 8P !T t ' ,n _ Preparation Exam P' e 10 - PO'yamide PA (UBE Nylon 1013B, produced by Ube Industries) 
5 for^^i t . U , b y Clba -Ge'gy) were melt-kneaded in the proportions shown in Table 1 using a laboptetomHI 

™J , Cy " ndncal mo,din 9 sam P' e with a diameter of 30 mm and a thickness of 1 2 mm. The hardness 

^hLTST 9 meaSUred - AIS °' reSU,tin9 SamP ' e WaS 10 hot P ress '""'ding at 230OC to fo^n 

conS ? V ^ 2 Sh6et W3S SUbj6Cted t0 -ents of the oil resistance and the 7n£ lubte 

» ne* riiln :° Wn 6 SamP ' e PrePar£d bV "* meft - k " eadi "9 MBAM and PA has insufficient oi, resistance and 
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[0186] Table 1 (Examples 1 to 12 and Comparative Examples 1 and 2) clearly shows that the oil resistance and heat 
resistance of the thermoplastic elastomer composition of the present invention are improved. 
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Industrial Applicability 

[0187] The thermoplastic elastomer composition provided by the present invention, which is prepared by thermally 
dynamically vulcanizing a composition comprising the (meth)acrylic block copolymer (A) and the thermoplastic resin 
(C), has enhanced oil resistance, heat resistance, and mechanical characteristics, maintaining the characteristics acrylic 
block copolymers inherently have. Accordingly, it can be suitably used for car components and electrical or electronic 
components. Specifically, it can be used for various oil seals, such as oil seals and oil seals for reciprocation; various 
packing, such as grand packing, lip packing, and squeeze packing; various boots, such as constant velocity joint boots 
strut boots, rack-and-pinion boots, brake booster boots, and steering ball joint boots; various hoses, such as fuel hose' 
gasoline hose, air-conditioning hose, brake hose, air hose, air duct hose, and air cleaner hose; various dust covers' 
such as those for suspensions, suspension tie-rods, and stabilizer tie-rods; various gaskets, such as resin intake manifold 
gaskets, throttle body gaskets, power steering vane pump gaskets, head cover gaskets, hot-water self-feeding pump 
gaskets, filter gaskets, pipe joint (ABS & HBB).gaskets, HDD top cover gaskets, HDD connector gaskets, cylinder head 
caskets in combination with a metal, car cooler compressor gaskets, and gaskets for car engine peripherals, AT separate 
plates, general-purpose gaskets (industrial sewing machines, peggers, and so forth); various valves, such as needle 
valves, plunger valves, valves for water or gas, brake valves, potable valves, and safety valves for aluminium electrolytic 
capacitors; vanous stoppers principally having a shock-absorbing function, such as diaphragms for vacuum boosters 
and water or gas, sealing washers, bore plugs, and high-precision stoppers; and high-precision sealing rubbers such 
as plug tube seals, injection pipe seals, oil receivers, brake drum seals, light-shielding seals, plug seals, connector seals 
and keyless entry covers. In addition, the thermoplastic elastomer composition can be used for sealing products of 
vehicles, such as door weather strips and other weather strips, trunk seals, and glass run channels. 
[01 88] For forming the above-enumerated products, the polymer or polymer composition described above is subjected 
to extrusion molding, compression molding, blow molding, calendaring, vacuum molding, foam molding, injection molding 
injection blow molding, and other molding techniques. 
[0189] The thermoplastk; elastomer com^ 

the (meth)acryiic block copolymer (A) and the thermoplastic resin (C) can be widely and suitably used for hoses, sheets 
films, dampers, adhesive base polymers, resin modifiers, and so forth in the fields of packaging material, civil engineering 
and construction material, and sundry articles, in addition to the car components and electrical or electronic components. 

Claims 

1 . A thermoplastic elastomer composition comprising 

35 (A) a (rneth)acrylic block copolymer; 

(B) a compound containing at least two amino groups in the molecule thereof; and 

(C) a thermoplastic resin, 
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wherein the (meth)acryiic block copolymer (A) and the compound (B) are dynamically vulcanized in the thermoplastic 
resin (C), and the (meth)acrylic block copolymer (A) comprises: 

(A1 ) a (meth)acrylic polymer block; and 
(A2) an acrylic polymer block, and 

wherein at least one of the polymer blocks has at least one acid anhydride group expressed by general formula (1 ): 




( 1 ) 



(wherein FP each represent hydrogen or the methyl group and may be the same or different; n represents an 
integer in the range of 0 to 3; and m represents an integer of 0 or 1). 
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2. The thermoplastic elastomer composition according to Claim 1, wherein the (meth) acrylic block copolymer (A) is 
at least one selected from the group consisting of copolymers expressed by the general formulas (A1 -A2) n , A2-(A1 - 
A2) n , and (A1-A2) n -A1, where n represents an integer 1 or more. 

5 3. The thermoplastic elastomer composition according to Claim 1 or 2, wherein the (rheth)acrylic block copolymer (A) 
comprises 0.1 to 60 percent by weight of the (meth) acrylic polymer block (A1) and 99.9 to 40 percent by weight of 
the acrylic polymer block (A2). 

4. The thermoplastic elastomer composition according to any one of Claims 1 to 3, wherein the (meth)acrylic polymer 
»o block (A1) contains the acid anhydride group. 

5. The thermoplastic elastomer composition according to any one of Claims 1 to 3, wherein the acrylic polymer block 
(A2) contains the acid anhydride group. 

15 6. The thermoplastic elastomer composition according to any one of Claims 1 to 5, wherein the (meth)acrylic block 
copolymer (A) is prepared under control by atom transfer radical polymerization. 

7. The thermoplastic elastomer composition according to any one of Claims 1 to 6, wherein the thermoplastic resin is 
a polyamide-based resin and/or a polyester-based resin. 

20 " 

8. The thermoplastic elastomer composition according to Claim 7, wherein the thermoplastic resin is a pblyamide- 
based resin. 

9. The thermoplastic elastomer composition according to any one of Claims 1 to 8, further comprising (D) a softening 
25 agent in an amount of 1 to 300 parts by weight relative to 1 00 parts by weight of the (meth)acrylic block copolymer (A). 
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